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F O R E W O R D

This final Technical Report describes the develop-
ment of a Computer Automated Ultrasonic Inspection System
for Aircraft Forgings which was pursued under Air Force
Contract F336l5-72-C-l828. The project and tasks numbers
for this program are 7351 and 735109. The work was per-
formed in the period between June 1972 to February 1975.
The work performed during the period 15 June 1972 to 1
June 1973 and reported in AFML-Ti~-73-l94 is included in this
repor t .
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S U N N A R Y

A computer automated ultrasonic inspection system
capable of inspecting most aircraft structures has been
developed. The development first began with the design
and fabr ica t ion of a digitally control led  X-Y br idge on
a 6 feet long by 4 feet  wide by 3 feet deep tank , Z axis
driv e, rotate (0 - 360°) , and t i l t  (+ 90°), Digital
stepp ing motors and incremental encoders were used for all
five axes. The development , next , involved the purchase
(b y General Dynamics) of an o f f - t h e - s h e l f  u l t r a son ic  unit
(Automation Model UM 771) modif ied for  computer  gain and
gate - width control. Logic and circuits to maintain a
constant but selectable distance of separation (DOS)
between the transducer and the test specimen and to maintain
the sound beam normal to the structure , us ing ul trasonic
feedback , were designed and fabricated . The development
also involved the purchase (by Gene ral Dynamics) of a
PDP 11/ 45 dig ital computer with disk drive , a Tektronix
memory scope (Model 4010) and a Tektronix hardcop ier
(Model 4610). Finally,  the tive axes contour follow ing
subsystem , the u l t rasonic  uni t , the Tektronix  disp lay
and the PDP 11/45 computer were integrated and the corn-
puter software was developed to form an operational corn-
puter automated ultrasonic inspection system (CAUIS).

The CAUIS has success fu l ly inspected engine disks
(sonic shape) in the reflected compressional and shear
wave mode and has achieved a greater than fifty percent
saving in inspection time as compared to the conventional
method. It has inspected typical airframe forgings which
cannot and are not being inspected ultrasonically with the
conventional way. The CAUTS can scan at speeds of 10 inches
per second on f la t  par ts ; but its speed decreases wi th
increasing comp lexity of the s t r u c t u r e .

The disp lay of the inspection on the Tektronix scop e
is in real time and is in the familiar C-scan mode, The

* def ect indications ar e disp layed in their true coordinates
and not the encoder readings via a real time coordinate

xv
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transformation. The real time display does not have a
one-to-one size relation to the actual structure ; it
generally is considerably smaller. However , in post
inspection analysis , any one square inch of the disp lay
can be expanded into a full scale display. This can
result in a greater than one size ratio to the actual
structure. Post inspection analysis also include the
following capabilities:

(1) The defect indications can be displayed at any
level of sensitivity or gain with respect to
the original gain setting to aid in the acceptance
or rejection decision.

(2) The defect indications can be disp layed in an
isometric B-scan mode (amplitude profile in both
the X and Y direction) at any selected gain levels.

(3) Areas with defect indications are searched with
the defect homing routine to obtain a set of
coordinates (X, Y, Z, 9, and 0) which yield the
largest ultrasonic amplitude to determine defect
orientation and detection of randomly oriented
defect.

(4) Defect indications caused by top and or bottom
surface irregularities can be removed by the
spatial filtering routine. Defect indications
from outside of the final-net shaped structure
can be removed by performing a series of spatial
filtering routines.

(5) The RF waveforms have been and can be digitized and
signal processing schemes can be performed to in-
crease the signal to noise ratio and/or aid in the
determination of defect dimensions and types,

Computer automation of ultrasonic inspection of
aircraft structures is feasible , practical , and
reliable. When judiciously applied , inspec tion time
can be significantly shortened without comp romising
quality.

xvi
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S F C T I O N  I

T~~T T R O D U c T T ~~~N A N I )  R A T I O N A L E

The i’ i r roas- i ng demands placed on modern aircraft
s t ru c tur e s  n e c e s s i ; a t e  the development and imp lenentatior~
of improved nondestructive inspection techniques whi ch
minimize the dependence on the individua l inspector , yield
real- t ime analysis and permanent  records , pe r fo rm to con-
sistent standards , vet remain within economic and schedulH~:
constraints. m i  espec ia l ly c rit ico~ t arge t . f o r  improved
q u a l i t y  of NOT inspect ions is that of forged p or t s  due to
t he i r  widespread  use 4 n s t r u c t u r e s  of o~:~~~t ing  and for th- -
c~~r~iu g  a i r c r a f t .  such as the F-l6.

Surveys of forging production at the request of
A e r o n a u t i ca l  Systems Division Off ices  has shown that  ultra-
sonic inspec t ion is one of the pr imary  tools used to de-
termine forging quality . Even though si g n i f i c a n t  advanc -’e
have been realized i~ the imp rovement of ultrasonic in —
spection during the past decade , there still exist  ex tens iv~’
7 a r j a t i of l S  in u l t r a son ic  reference  st a nd a r d s ,  app roaches t -~
setup , record ing  and i n t e r p r e t a t ion  schemes , and capahi . l i t i e~
for flaw detect ion thr oughout  the con~min it y .  The use of
u l t rason ic  equipment and the a t tendant  operation thereof a~- -~
almost entirely dependent on individua l inspectors and the
in t e r p r e t a t i o n  b y the i r  o rgan i za t i on  of proper  app licatio ’-
of equipment for inspections. Instrumentation , inc luding
the u l t rasonic  t r ansduce r s  themse lves , are o f t e n de l i ca tr - ,
suh~~ r t  to di Vt and f l u c t ua t i o n , nod c h a ra c t e r i s t i ca l l y
o f f e r  l i t t le  indicat ion , i f  any , of proper operation durin~
inspection pe r iods.  Paramete rs  of heat t reatment , a l loy
typ e , te s t - specimen geometry ,  u r tr i at i ons  in f law typ e
(in cJ .tid~ ng orientation , etc.), and specimen surface condi~
are  for  the mo s t  p a r t  lumped into a f a i r l y  broad set of
reference standards and test procedures. Even the most
highl. y q u a l i f i e d  of p r o d u c t i o n  environment inspectors  us in e
the l a t e s t  eqt l i pmont in  the best  o p e r a t i o n a l  c o n d i t i o n  cm 1 ~ l .

be r e a sonably expected to i n t e r p r e t  t h e  comp l i c a ted  spoct
of  u l t r a ~~o n i c  signa l responses nor  t o  prndw-e s i i t f i c i e n t l ~
d4 t ; i i J . r l  i f l~~pi~- - t i o n  records for  the n h  i ’h lo dp t . e r r n i n at  i .~ c~
t h ~ iii~~1 ‘t \ ’  - i ~~ s’ en ~t1~ T1 ectiefl5 for ~~t t ’~~s q i ! - ’ t r ev i”~~.
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The obvious conclusion is that modern computer
automation technology must be merged with NDT and materials
technology to provide a low cost , reliable , and rap id system
for  ultrasonic inspections of aircraft forgings. One of the
earliest programs aimed toward computer automation of ultra-
sonic inspection was conducted by International Harvester1-
with AFML sponsorship . This objective of this program was
to rate the cleanliness of thick section steel stocks and
the computer provided pr imar i ly signal processing capabil i t ies.

In 1971 , General Dynamics was contracted by NA SA /MFS
to develop a computer automated u l t rasonic  weld inspection
system. This system p rovided real time contro l of an X-Y
scanne r as well  as real t ime disp lay of inspection resul ts
and hard copy ing capabi l i ty .  Also in the 1970-1971 period ,
computer automated u l t rasonic  inspection systems were being
deve loped at Sandia Laboratory 3 and at the Union Carbide
Co rporation , Nuclear i)ivision , Oak Rodge Y-l2 Plant4 ’5. In
1972 TRW 6 was contracted by AFML to develop a computer
automated system to inspect large diameter titanium billets.
One of the main objectives of this program was to develop an
ultrasonic pulser/receiver system capable of penetrating
several inches of t i tanium. A more recent development is a
system by Ro ckwell Internat ional, Atomics International
Division .7 This system was designed pr imari ly to inspect
thick sections of p ressure  vessels.

All the systems described above use the computer primary
for processing and analysis of ultrasonic signals while some
systems provide the additional capability of controlling the
transducer scanning system in the X-Y p lane.

The intent of this contract is to develop a computer
automated ultrasonic system to inspect comp lex forg ing which
would require the computer to contro l a f ive axes t ransducer
scanning sys tem in a rapid and reliable manner . This report
describes the development , the capabilities and the accomp lish-
ment of the system to date.

I
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S E C T I O N  I I

O B J E C T I V E S A N D  A P P R O A C H

2.1 OBJECT IVES

The overall objective of this program is to increase
the safety, reliability and integrity of Air Force air-
craft structures and propulsion systems and to reduce
inspection cost and time by developing reliable automated
nondestructive inspection techniques to locate and assess
materials defects.

The broad objectives are :

(1) To provide computerized control, analysis, process ,
and display of real-time scanning ultrasonic inspection
data from complex forgings having changes of section,
tapers , curved surfaces , fillets , and holes.

(2) To provide computerized compensation of transducer
variations, electronics and ultrasonic equipment
variations.

(3) To operate selectively in reflected and transmitted
compressional waves or reflected shear wave with the
potential of operating the eddy current method,

(4) To minimize inspection operator error and time in
equipment calibration and setup and interpretation of
data.

(5) To provide permanent records of inspection in a more
compac t and concise form to fac i l i ta te  traceabil i ty.

The specific objectives are :

(1) To develop a five axes-computer controllable mechanical
scanner which is capabl.e of scanning at speeds of up to
six (6.0) inches per second for think sections and
th ree (3.0) inches per second for thick fo rgings.

(2) To develop a system for near real-time computer display of
flaw positions and magnitude which can also be rapidly
reproduced in paper copies for permanent recording .

3 
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of the ultrasonic , electronics , a~d t ransduct- rs 1 -r
compensation and °r correction due to degrrid—ttion
in perfo rmance .

(4) To provide computer gain and gating based 11pn~ f , r c ~i y 1~1

thicknesc variati ons .

(5) To s tud y si gnal processing and enhancement t echni q~io s
to ascertain quantitative flaw inf , r1 1ti~~~- .

(6) To design , assemble , and test the p r o t o t y p e S~~ S t € ~~i

usin g actua l forged parts , acceptable reference stau~H~ cs.
production ultrasonic equipment , and state-of-tho-~ir t
computers , display equipment , and servos.

(7) To develop in the prototyp e system the c ap a b i l i t y  t .
inspect forgings of the following shapes or localized
portion shapes :

a. Near l y paral le l flat surfaced areas
b. Cylindrical areas
c, Flat surfaces with step section changes
d. Tapered sections
e. Edge areas
f. Curved near surface with flat far surface
g. Curved far  surface wi th  f la t  ne ar  s i ir f a c o
h . Cu rved far  and near surfaces
i. Fillets from 0.25 to 3.0 inches in diameter
j. Radii at edges
k. Holes in near surface
1. Holes in far surface
m. Holes in an edge surface
n, Holes through the forging

(8) To stud y near and far  surface f in i sh  requ i r eme~~ c and
to attemp t to compensate their effects.

(9) To demonstrate the prototype system capability to
AFM L program monitor and interested per sonnel . at the
end of Phase I and Phase IT.

4
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~ealizirg that typ ical , large , forged parts ot modern
ai~~ :.~~fL usu:i l ly contain portions of nearl y parallel flat
sU L L a I S , cy lindrical areas , tapered sections , fillets of
JIffi :~~ciii s i z e , etc., it seemed both log ical and econoini-
cal t o  approach the p rogram in two phases in a bas ical l y
sequential manne r . Phase I was for the deve l opment of a
ci np lL~ r ant orikit€-d ult rasunic sys t& m to inspect s t r uc tu r e s
w iL~i flat-o ar l y paral ici su r f aces  and tapered sect ions .
Pha-~ It was t~ — advanre  r h o  development of the Phase I
s \~st o o  ~n r  the in spec t ion  of complex forgings with curved
f~~r a i - ~ r~~~t r  s i r  ‘cos , section changes , Iillet~- , holes ,

~
•
~~~~

- - . The ~!a s e I proto typ e system was demonstrated 24
months  a f t r i- o r t r ~ict on-ahead and the Phase IT p ro to type
sy S tem  tv - iS  demonstrated 32 months after contract go-ahead .
Machined test specimens were used for the Phase I demon-
straticti , ~hereus ac t ual forging s were selected and used
tar the 1~t tco c II demonstration , This inc luded an eng ine
disk in the ultrasonic-shaped configuration.

Ihe pr it u l  yp ~y s t e L n  was developed using standard and
f t — ( t ~~ —sh l f • m p - u c n r s  and e q u i p m e n t  whi ne possible .

Some eq i l i~~l - u t  had to  be modified tar computer c en t  rol and
sei~ i nteriac lug compun1 its had I C )  be designed and de —
ye  t o~~ d . IL’W C V i i , th ey were  kept t~ a minimum t o  keep the
total cost of the oevclnpment of the sys tem dowii and to
f a c i l i t a t e  the eventual development of production inspect ion
sys tems . The system was developed , not only to siicce~ sfuli~
achieve t he t ~-~~h n i  -al olr~e ct i vu s  , hut a] so to h~ a p t c nt i a l
p r a c t i c a l  p r od u c t ion  too l  which  can be opera ted  by pr -
duct ion  T t ’v e l TI i n s p e c tor s . The sys tem developed w i t h  t h i s
p h i losop h y ,  however , is  not wi th o i t l i u i i t a t i o n s  . i n  examp le ,
the commerciall y availabl e ultrason ic equipment l~~t iois used
does not have as much power to e f f e ct i v e ly  p e n e t r a t e  as deep-
lv in t o  the metals  and does not have as small a top s u r f a c e
envelope as a custom des i~~ned and b u i l t  u n i t .

IL. sut~~essftil dii~c l u 1s n i t n t  ol a self—st a si 1~~ i-c t e t l i
)W1 fl~ it  -

~~ ._ c wai s deemed L s S & n t ial jfl ~ - t ~~ I 

~ 
p nag ran

ob~ cct jves . L i t e r  im~~~} dcj~~
jncijtj~ - i  w i t i  s~~ -~ C i i  i t  I t i a ~

ei 1 ; j Ji r,, i t  i O t ~ - c i l c i l i l  d that a s t 1 t — ~~i c~~ - t i ’~~- ~~~~
101 o r  I t l i v i n g  . t \ ’ l & t  I~~ .it C l i i  I i  t~~~ I L  i - I i  ~~~ . ( L li ~ I t

v~~l S I i i  1 1.  I I I a ‘I t C C  I l t i l i t  rc I ( I ‘~ -~ ~ t ~~~L i i

( l 9/2—J ’ )7’t). ~~~~~~~ I. in
- - oi a t  I - r I - 

- - - -
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The hardware and software were developed to meet
Phase I and Plase II objectives sequentially in time.
However , this approach was not always feasible and
practical to follow , particularly for the hardware
development . Several of the hardware components , such
as the contour following device , were developed to meet
both Phase I and Phase II objectives. The software
was then refined and developed at a later time to meet
the Phase II objectives.

6 
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S E C T I O N I I I

S Y S T E M  E V O L U T I O N
A N D

C A P A B I L I T I E S

3.1 OVERVIEW OF SYSTEM

Fabrication of the prototyp e computer automated ultra-
sonic inspection has been comp leted . The system utilizes
standard ultrasonics and computer components and special
in te rfa ce items that  have been custom designed and built by
General Dynamics . These components have been integrated
into a system and the computer software developed to achieve
the objectives of the program . The system is shown in
Figure 1.

The system operates primarily in the reflected com-
pressional and shear mode , but is capable of operating in
the Delta-Scan mode.

The Phase I system operating in the compressiona l mode
is capable of inspecting forging s wi th  surfaces  that are:
flat-nearly parallel , tapered , and curvature with radii of
3 inches or more on one surface with the opposite surface
gently curved.

The Phase II sys tem was designed to operate in either
comp ressional , shear , or Delta-Scan mode . In the corn-
pressional mode , the sys tem is capable of inspec ting forg ings
with curved-near and flat-fa r surfaces , curved-far and flat-
near surfaces , curved-near and -far surfaces , radii from 0.75
inch and larger , holes in near s u r f a ces , holes in far sur-
faces , and holes through the forg ing , The system scans and
indexes primarily in rectangula’ coordinate. However, it
was expanded to inc lude scan of ro ta t iona l bodies , such as
engine disk forgings.

The Phase II sy stem also includes ba sic ul t ras onic
s igna l processing scheme s to aid in the identification of
flaw type and flaw dimensions in limited cases. The RF
signals reflected from the flaws can be digitized and
Fourier-transfo rmed to the frequency domain . From the fre-
quency spectra of the reflected signals , it is possible 

It’7
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When the signal from the bottom surface reflection is - 
-

loss or the system is in a shear wave mode of operation ,
the computer automatically sets the width of the flaw gate
to accommodate a predetermined length of sound travel
within the test specimen. This predetermined length must
be l c d to the computer prior to the start of each inspec-
tioru . By calibrating the system for both compressional
and shear wave inspection , the system can be programme d to
perfo rm consecutive compressional and shear wave inspections
of a given test specimen without stopping . Furthe rmorc , the
shear wave inspection can be repeated for severa l angles of
sound incidence on the test specimen . Examp le of these will
be discussed in Section 4 . 4 .

Figure 2 is a block diagram of the ultrasonic and
computer components of the system . The ultrasonic unit con-
sists of an Automation Industries Typ e UN 771 reflcctoscope
and special computer interface circuits in another chassis.
This unit supp lies the electrical pulses , at 500 pulses per
second , to the transmitting transducer and logic circui~~s
for starting and terminating electronic gates. It also
amp lifies and processes the ultrasonic signals received by
the transducers. The signals are processed by logic cir-
cuits to scparate the various reflected signals and condi-
tion them fcr computer processing via analog or digital
inputs. After processing of the info rmation by the computer ,
the required outputs are disp layed on the Tektronix Computer
Terminal Disp lay,  Mode l 4010. The disp lay can be hardcop ied
with the Tektronix cop ier , Model 4610.

Figure 3 is a block diag ram of the electrical cir-
cuit for the X-Y scanner , man ipulator , gimball assembly ,
and computer components of the system . The manipulator
moves the transducer in the Z and Phi (

~
) directions and

contains the motors for the Theta (0) movement. The ~imball
assemb ly provides the (0) movement and a translation of the
t ransducer such that the point of sound entry to the
material is at the same relative location as the X-Y encoder
reading . Thus , a flaw will always he located at the same
reference point on the X-Y bridge and normal to the curved
surface of the specimen .

~~~~~~~--~~~~~~~~~~~~~~~~~~ - -~~~~~~~~~~~~~~~~~~ .-~~~- _: - --——— - -~~~~~~~ - -
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D(; c t n i ,  ~ng moN rs are us ed t c dr ’-~ the ~-arn -
~ ( ‘c ,

Y , Z , 0 , i~ an t i  pc-sit I ri en coders  are  used L u  p r (  v i  ~L t

posi t ion  of the f ive  coordinates .  The X , Y , Z , 9 , and 0
drive motors  can be control led in manual , automatic , or
computer modes. The Z , ~~~, and 0 can also be controlled
automatically from special ultrasonic and electronics
servo feedback circuits which maintains standoff and
normalcy. Figure 4 is a photograph of the scanner con-
trol console and ultrasonic unit.

3.2 SCANNING SYSTEM DEVELOPMENT

A scanner system has been designed to scan the com-
p lex shape of a i r c r a f t  fo rging s and to provide accurate
location of f laws (X , Y , Z , 0 , 0). The rate of scan can
be faster than 6 inches second on relative ly simple-shaped
fo rgings , but it will be slower than 6 inches second for
comp lex fo rgings. This section describes the X-Y mechanical
scanner , test tank , g imbal assembl y,  normalcy control , and
Z, 0, ~ controls. Total hardware cost for the scanner and
contro l system is $26,384 .00.

3.2 .1 X-Y Mechanical Scanner System

A prototype digital scanning system to be made by
Automation Industries was selected early in the program .
After negotiations on the exact characteristics of the
system , Automation Indust r ies  submitted a t en ta t ive  d e l i ver y
schedule of late December 1973. This was unacceptable for
the program schedule; therefore , only the tank was purcha sed
from then’ ; the br idge was built at General Dynamics and tho
elect ronics  and motor  were  purchased as o f f - t h e - s h e l f  or
standard items .

3.2.2 Test Tank

The test tank has an inside dimension of 4 feet in
w i d t h , 6 feet  in length and 3 feet  in depth. The tank has
one 1-foot b y 1-foot  “see- through” w indow ins t a l l ed in  t he
front for visual inspection inside the tank . The tank i s
rugged enough to hold a 3,000 pound forging for inspection .
Provis ions  have been made to level and hold the f or g i n g  o f f
the bottom of the tank .

l~
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3.2.3 X-Y Scanner

The general configuration of the scanner is shown
in Figure 5. It will scan in either the X or Y axis
and index in the other axis. The unit was assembled
p r ima rily f r om pur chas ed parts , but some parts were manu-
factured by the Tooling Department , and the Tooling
Department also assembled the unlt .

The scanner frame is constructed from aluminum U
channel and bolted to the top of the tank . The X-axis
ways consist of diameter steel shafts , one inch in
diameter , and support  block made by Berg , Inc. Four
ball bearing support  b racke ts  carry the brid ge. These
are fastened to two aluminum blocks that carry two one
in ch ground rods that act as supports for the Y-axis
movement (p la t f o rm) .

The drive motors and gear boxes are positioned on
the support frame and drive the bridge arid p latform
through three sets of POW-R-TOW cable chains. Two sets
of chains , one on each side of the bridge , are  dr iv en
from a common line shaft to reduce the bending movement
on the bridge . One long chain is wound around in the
pattern shown in Figure 5 to drive the p latfo rm . As
the bridge moves , the platfo rm stays in the same relative
posi t ion wi th  respect  to Y movement.

A more detailed description of the scanner and its
corutrol system is presented in Appendix B.

3.3 MANIPUlATOR ASSEMBLY AND NORMALCY CONTROL

Two different types of commercial manipulator as-
semblies were studied. The approach selected used a
modified Automation Industries US 743 search tube and
manipulator top with a special transducer head and g imbal
assemb ly built by General Dynamics. The method of main-
taining normalcy for the stringent angular requirements of
the program necessitated a special design of the mani pu-
1 at o r.

15
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The manipulator is shown in Figure 6 . The function
of this unit is to manipulate the t ransmit t ing/receiving
t ransducers in three axes , vertical , rotat ion , and t i l t .
Each function can be accomplished manually with  indepen-
dent and separa te controls , or all of them can be operated
together as a system to give automatic transducer standoff
distance and normality (900) control .

Each function has a separate motor , mo tor control
encode r , and disp lay that are discussed individually
later.  Position data from all three functions are fed by
line drivers to the computer. The manipulator assembly,
which moves vertically and does not include the vertical
stepping motor and the casting housing it , weighs approxi-
mately 16 pounds.

3.3.1 Gimbal Assemb ly

A reproduction of the assemb ly drawing of the trans-
ducer head mechanism is shown in Figure 7 .  The mechanism
attaches to the lower end of the modified Automation
Industries UN 743 manipulator. The head mechanism which
was .de signed by General Dynamics , was buil t  by the Too ling
Department.

The design allows the lou.~er section of the Z-axis
shaf t to translate horizontally throug h a dis tance equa l
to the o f f se t  of the transducer axis intercept with  the
part  surface whenever the transducer is t i l ted .  That is ,
when the t ransducer axis rotates about a horizontal  axis
situated at a distance about the part  surface , an o f f se t
(of the transducer axis intercept with the surface) is
gene rated equal to “ sin 9 ,” where (9) equals the tilt
angle .

The lower section of the Z-axis shaft  is then trans-
lated an equal amount in the opposite direction , keep ing
the transducer axis intercept on the Z-axis , independent
of 0. A mechanical sine generator (Scotch yoke) accom-
plishes the horizontal translation as a function of 0.
The system uses standard machine elements and includes a
floating rack to t ransmit and t ransform ro ta ry- to - l inear
motion from the s ta t ionary transducer t i l t  motor located
on the Z-axis shaft.

17
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3.4 NORMALCY CONTRO L METHOD EVALUATION AND SELE CTION

General Dynamics considered several methods of main-
taining the 900 angle between the scanning transducer and
the forging before selecting the method described in
paragraph 3.4.1. Some of these methods used capacitance
p robes , ultrasonics , and LVDTs. Another method uses micro-
switches whose actuators slide over the face of the forging .
A brief discussion of the methods is given in this section.

Two met hods of con tro lling the angles and standoff
distance of the scanning transducer were evaluated in the
laboratory. The methods are called (1) surface contacting
sensors and (2) non-surface contacting sensors.

The surface contacting sensor consists of three small
mechanical probes surrounding the scanning transducer at
1200 increments. Each probe is mechanically coupled to a
microswitch that controls a stepping motor. These three
probes , switches , and motors contro l the rotation and tilt
attitude or angle of the scanning transducer. The probes
contact the test specimen or forging at all times except
over holes and after specimen edges have been passed. The
adva ntages of this type of at t i tude control are that it
worked successfully as demonstrated in another General
Dynamics program and it controlled the angle of the
scanning transducer to ±1/3 of a degree. A disadvantage is
the fact that it must contact the test specimen at all times
and this limits the scanning speed to less than 6 inches per
second on f la t , smooth forgi ngs.

The non-contacting sensor evaluated consists of three
commercial capacitance probes surrounding the scanning
transducer at 1200 increments. Each capacitance probe , when
p laced near a conducting surface , forms a certain value of
capacitance. This capacitance so formed is connected into
the overall feedback loop of a high-gain amp lifier whose
input is a 16 K1-lz signal from an interna l oscillator. There-
fore the voltage level output of the amplifier is directl y
p roportional to the capacitance value formed by the nearness
of the probe to the conducting surface. This ac voltage
output is proport iona l to the distance between the test
specimen (forging) and the probe. The ac voltage is con-
verted to a dc voltage and used to control a servo loop and
stepping motor .

20
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These capacitance probes responded faster than the 
S

mechanical probes; however , the capacitance probe servo
systems would be more complex than the mechanical probe
servo systems. The capacitance probes are also more
susceptible to external noise than the mechanical probes ,
but they do not touch the test specimen , which is advan-
tageous for  high speed scanning .

3.4. 1 No rmalcy Method

The method selected for maintaining normalcy has one
primary transmitt ing transducer and four receiving trans-
ducers located in a circle around the transducer. Two of
these receiving transducers are in one axis (0) and the
other two are in the other axis (0) . If the t ransmi t te r
transducer puts out a pulse that is reflected from the
surface back into two of the receiving transducers , these
receivers each put out an energy pulse. These pulses are
shaped and fed into ga ting circui ts whi ch control a step-
ping motor. The stepping motor runs one way or the other ,
depending on which receiving transducer receives the re-
flected pulse first. Two more receiving transducers and —

a stepping motor con trol the second axis in the same manner .

3.4.2 Normalcy Receiving Transducer

The normalcy tilt and rotate sensing transducers were 
-

changed from 0.25 inch-diarnter units to 0.125 inch-diameter
units  because the larger transducers resulted in the
scanning head assembly being too large. The 0. 125 inch
diameter t ransducer produc ed signals app roxima te ly one-third
as large as those from 0 .25  inch-diameter units. Additional
amplification had to be provided for the smaller transducers .
This addi tiona l amp lification was provided by wid e band pre-
amp lifiers , which were inserted in the transducer cables. S

The preamplifiers receive power for operation and send output
signals over the same 75 ohm coaxial cable . Figure 8 is a
circuit schematic of the preamp lifier showing its connection
to the transducer and amplifier. Voltage gain of the pre-
amp l i f ier is app roxima tely X5 or 14 db.
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3.4.3 Normalcy Transmitting Transducer

The s t andard  2 . 7  inch foca l  length  t r a n s d u c e r  used
for reflection mode transmitting and receiving was re-
placed with a transducer with a convex lens with its
center portion ground flat. This transducer was required
to get the normalcy circuits to operate over the concave
portion of the mound-typ e specimen . With the s tandard
transducer over the concave surface , most of the energy
reflected back between the two normalcy sensing trans-
ducers. The amount of signal received was too low and
loss of control resulted . The special transducer caused
broader scattering of the energy and more of it was
received by the normalcy sensing transducers over the concave
surface area. The reflection mode received signal is not as
strong from the special transducer , and tests have shown
that the sensitivity was not high enough to operate satis-
factorily at maximum depths .

3.4.4 Contour Following

The amount of sound ener~~v r e f l e c t e d  f rom a discon-
tinuity oepcnds on the incident energy density, and the
incident energy density d~~~-nd s , among other variables ,
on the distance between t h -  tra sducer and the top of the
test specimen and on the a’~~ le that tb sound beam makes
with the top surface of tIn- ~~~~~ specimen . Hardware and
software were developed to rrHimize the influence of these
two variables , which will b1 cal1~-d distance of separation
(DOS) and normalcy foi - short. DOS was maintained constant
but selectable during a scan. The details of hardware
development to maintain a constant DOS is discussed in
Appendix B. A lmost all of the results discussed in this
work were obtained with a DOS of 3 inches. The irfluenc e
of angle of incidence was minimized by maintaining the
sound beam normal to the top surface of the test specimen.
The decision to do this was made even though the energy
reflected from a discontinuity is influenced by the
curvature  of the t e s t  specimen . A detailed discussion
on the e f f e c t s  of t ransducer  size , radius of curvature ,
and depth of sound t ravel ori the  energy r e f l e c t e d  f rom f l a t
bottom holes is contained in report A F’ML-TR-703-107.8 The
effects of these parameters were not corrected for in this
work.
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Three schemes were used to maintain the sound beam
normal to the test specimen. They are ul tras onic f eedba ck ,
peaking of the top surface reflection using vector drive.
The details of the hardware and sof tware  development for
the ultrasonic feedback scheme are discussed in subsection
B.2 and for the peaking of top surface reflection and vector
drive schemes will be discussed in paragraph 4.6. The
ultrasonic feedback scheme works well and is rap id , if the
test specimen contained no radii smaller than l~ inches.
This scheme has been made operable on radii as small as
3/4 inch. However , the scan speed is extreme ly slow and
thus renders the scheme unacceptable and not cost effective .
Either the peaking or vector drive scheme can be and has been
used for radii smaller than l~ inches. Both schemes have
been used successfully to maintain normalcy in scanning
ove r 3/4 inch radii. A f l a t  faced ~ inch diameter transduce r I
was used in all the resul ts  described in this repor t .  The
vector drive scheme is faster and more effective than the
peaking scheme.

All three schemes can be used to scan a test specimen.
h owever , the opera tor has to selec t the sch eme and inp ut
it into the computer before the scan is made.

Radii equal to and smaller than 3/4 inch in a test
specimen are skipped over and not inspected during the
initial scan. After the initial scan is comp leted the small
radii can be inspected with either compressional or shear - :
waves in subsequent scans. These subsequent scans do not
require the operator tc position the transducer over the
inspection area. The computer is pre-programed to return
to the radii by noting the positions where the top surface
re f lect ions  were lost and to scan the radii  wi th  e i the r
compressiona l or shear wave . The effectiveness in flaw
detect ion wi th  compressiona l wave at radii of 3/4 inch
or smalle r has not been tested in work . Elox slots placed
on 3/4 inch and smaller radii have been found by shear wave .

3.5 SYSTEMS CORRECTION AND COMPENSATION

Parameters or factors other than those discussed in
the previous section affect the uniformity of sensitivity
and reliability of flaw detection . Two of these factors
that will be discussed in this section are attenuation and
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sound beam spread.  In order  to  ob ta in  an equa l amplitude
signa l from a discontinuity of equal size but located at
different depth in the test specimen , the effects of
at tenuat ion  and sound beam spread have to be compensated .
A hardware dis tance-amp l i tude  compensation (DAC) ins t ru-
ment was tried. This instrument was the DAC uni t  b u i l t
by Automation Industries for their UM 771 reflectoscope.
The DAC unit  can be and has been made operable . However ,
it required too many ad jus tments  and was too sensitive
to small changes of several parameters. Since the unit
was found to be impract ical  and it has not been used in
conjunction with any of the results obtained in this work .

A software DAC was developed . It can be operated in
real time or during post-inspection analysis. It consists
of a table of minimum flaw amplitude (MPA ) as a funct ion
of flaw depth. If the flaw amplitude is smaller than the
MFA at a given depth , it is not disp layed as a flaw. If
the flaw amplitude is larger than the MFA , it is diminished
to the level of the MFA . The reason for this procedure is
dictated by the calibration procedure that was used . In
this work , a desired size f la t  bottom hole located near
( ~ inch) the bottom of the thickest section of the te s t
specimen under inspection was used. A same size FBH with
the same or ienta t ion located anywhere in the tes t  specimen
w ill produce an amp litude larger than the one used for
calibration.

The software DAC unit only partiall y corrects for the
size or cross-sectiona l area of a flaw or FBH in the C-scan
presentation . That is , the size of the C-scan presenta-
tion for a same size FBH located near the top surface will
be different from the one located near the bottom surface
of a test specimen . The radiation pattern and beam spread
of the transducer have to be controlled to correct for this
effect.

The f low diagram and the de t a i l s  of the so f twa re  DAC
are presented  in Appendix D.
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3.6 T!~\N SDUCER SELECTION AND CORRECTION

FIat-faced , 0.50 inch diameter , and 5 MHz medium damp
(2 to 3 cycles of oscillation) transducers were found to
be the most appropriate or the compromised choice in satis-
fying the objectives of this work . Transducers of 0.25,
U.50 and 0.75 inch diameters with flat , concave , and convex
lens were evaluated. Focused transducers (concave and con-
vex) produced highly variable energy density within the
test specimens as a function of material thickness and sur-
face contour . Attempts to obtain equal flaw detection sen-
sitivity met with considerable difficulty . Further , they
cannot be operated as near the edge or holes of the test
specimen as the flat-faced transducers can . They produce
a reflected signal from the edge further away from the
edge than flat transducers. They also complicate the logic
circuits used for the ultrasonic feedback scheme to maintain
the sound beam normal to the test specimen.

Transducers with a 0.25 inch diameter were found to
be only partially effective in detecting flaws between 3
to 6 inches deep in the test specimens . Use of a 0.75 inch
diameter transducers cause the transducer housing assemb ly
to be too large to effectively scan or follow contours with
radii equal to and smaller than 0.75 inch .

Lightly damp transducers have too much ring ing to be
usable for detecting flaws near the top surface (0.25 inch)
of the test specimen or for inspecting thin materials
(0 .25  inch) . For many app lications , it is highly desirable
to inspect 3- or 4-inch-thick materials and still be able to
detect flaws located about 0.05 inch from the top surface ,
Highly damp transducers ~enera1lv do not have sufficient
energy to penetrate and detect flaw s located several inches
(4 to 6 inches) deep in most metals.

Flat-faced , medium damp , and 0 .50 - inch -d i ame te r  trans-
ducers operating with center frequency of 2.25 and 10 MHz
have also been used , arid they have been found to be
effective in meetiii~ the objective s of this work .
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Transducers with the sound beam slightly off the
axis or the no rma l to the p lane of the t ransducer  can
be and are corrected fo r  b~~fore  each inspect ion b y peaking
the reflected signal from the bottom surface of a parallel
calibration test specimen.

3.7 ULTRASONIC INSTRUMENTATION

The funct ion  of the u l t r a son ic  equi pment is to gener-
ate pulses of u l t r a son ic  energy ,  coup le this energy in to
the specimen under test , coup le the reflected energy to a
receiver , and process the received information for inter-
facing to a computer . A certain amount of signal condition-
ing ,  synchronization , and chronometry are necessary to
prepare the data for computer interfacing . The system
block diagram is shown in Figure 2. The system will operate
in three modes of inspection : reflection , shear-wave and
Delta Scan .

The u l t rasonic  equi pment cons is t s  of the transducers ,
an u l t rasonic  tes t  ins t rument , and i n t e r f a c e  c i r c u i t s  to
coup le data to and f rom the compu te r .  The sys t em c o n s i s t s
of the following units.

3 .7 . 1 U l t r a s o n i c  Test  Unit

The ultrasonic test unis is an Automation Industries
Type UN 771 re f lec toscope  tha t  has c i r cu i t  m o d i f i c a t i o n s
and circuitry added to make it perform the desired functions.
This unit was selected for the program because it was all
solid state and required the least modification. The
system consists of

o UM 771 Disp lay Chass i s
o Type AGIFM Timer Module
o Pulser/Receive r Type lOS DB
o Dual Type H Transigate
o Spec ia l -Funct ion  Chass i s
o Distance-Amp litude-Compensation Unit (DAC)
o Pulser Type lOS

_ _ _ _  ~~~~~~~~~~~~ S~~~~~~S. ~~~~~~~~



5 - 5 -— -

The sys tem outlined above was purchased by General
Dynamics in support of the cont rac t .  The modif icat ion
and additiona l circuits required for interfacing the
ultrasonics with the computer were made by General Dynamics.
The total cost of the ultrasonic system including modifi-
cations ~~~~~~~~ $24 ,721. A complete description of interface
circuits and modifications is detailed in Appendix A. A
photograph of the ultrasonic system is shown in Figure 9.

3.8 COMPUTER SYSTEM S\ND SOFTWARE

This section describes the computer hardware and
software configura tion at the comp letion of technical
phase of the contract , the s tandard equipment , and sub-
sys tems built by General Dynamics.

3.8.1 Hardware Configura tion

The Digital Equipment Corporation (DEC) PDP 11 Model
45 Computer is the center of the system. Figure 10 is a
block diagram of the system. Table 1 is a list of the
devices that make up the system. The cost of the computer
system is $69 ,855.00 .

3.8.1.1 Central Processor Unit

The central processor unit (CPU) controls the time
alloca tion of the UMIBUS for peripheral and perf orms
arithmetic and logic operations and instruction decoding .
The processor can perform data transfers between I/o devides
at a maximum rate of 2.5 million 16-bit words per second .

3.8.1.2 Memory

The system utilizes 20K 16-bit words of random-access
memory (RAM) divided into two types - core and MOS solid-
state. There are 16K of core (900 nsec) and 4K of high-
speed solid-state memory (450 nsec). The 4K of MOS memory
resides in the upper 4K of the system (16K to 20K). This
configurat ion was chosen to take advantage of the faster
operation speed in the program execution sections of the
memory stack .
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TABLE 1

COMPUTER SY~ ’1 ~-~1 E 11~ 1l-:NT LIST

ITEM QUANT ITY DESCRIPTION

PDP ll/4 5A 1 Central Processor Unit

MS11-BM 1 MOS Memory (4K Words)

MELL-L 1 Core Memory (16K Words)

RK11 1 Disk Cont ro l l e r

RKO5 2 Disk Drive Units

AD11 1 Analog-to-Digital Subsystem
(8 Analog Input Channels)

AA11 1 Digital-to-Ana log Subsystem
(4 Analog Output Channels)

DDll 1 Digital Input/Output Devices
(2 Channels)

BB1I 3 CD Custom Interfaces
(Counter Unit and RCR/DRVR Unit)

BB11-H 2 Digital 1/0 (7 Channels)

KWh -P 1 Programmable Real Time System Clock

PC11 1 Hi-Speed Reade r/Punch Subsystem

4010* 1 Craph i  Disp lay  T e r m i n a l

4601* 1 Hard Copy Device

ASR33 1 Te’letypL~ Conso le

~rektronix Part Number
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3.8. 1.3 Disk System

The RN disk system is a standard DEC device. The
RK1I controller is capable of controlling eight (8) RK~5
drive units , each of which has an average access time of
70 milliseconds , data transfer time of 11.1 microsecond
per word and a storage capacity of 1.2 million 16-bit words .
This system has two (2) RK~5 drive units , for a total storage
capacity of 2.4 million words .

3.8.2 So f twa r e

The software necessary to automate the inspection of
components with ultrasound (using three different ultra-
sonic techniques and two schemes) to perform analysis on
inspect ion results , and to process ultrasonic information
(RF signals) for spectroscop ic analysis resulted in the
development of two data acquisition programs and three
ana lytic programs .

The programs were developed using Digital Equipment
Corporation disk operating system version 8.02 on a
PDP 11/45.

3.8.2.1 Discussion of Programs

The programs were developed for specific scanning
schemes. Two programs, ‘A FML A ’ and ‘AFML C ’ , a re used
for rectangular scans. Their counterparts , ‘A FML B’ and
‘A FML D’, are used in circular scan modes. The ‘Fourier ’
program is used for flaw orientation and characterization ,
and as such, it perfo rms an optional search pattern .

The program size in certain cases made the use of
overlays necessary . A program that uses an overlay structure
is divided into functional segments that need not be in
computer memory (core) at the same time. As each function
is required , the overlay is loaded into memory. Figure 11
shows the overlay structure used in this program .
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3.8.2.2 Programming Languages

The two languages that  were  USed t i  deve l -p t he
s o f t w a r e  for  the sys tem a rc  P D P - l l  F o r t r a n  IV , which
confo rms to the American National Standard Institute
(AMSI) FORTRAN IV specification and MARCO 11 assembly
language for the PDP-ll family of  mac hiies .

The assemb ly language coding cornpr!~ses about 587~s o f t w a r e , the m a j o r i t y  of t h i s  being in the data acquisition
part of the program where the advantage of operating speed ,
flexability and core usage are best utilized . Fortran
was used mainly in the pre- and post-inspection phase of
the program where core size and speed of operation were
not critical .

3.8.2.3 Software Description

The software program p rovide s computer control of the
ultrasonic inspection system in a real-time environment ,
analyzes the sensor data for indications of anomalies ,
records flaw anomalies on disks , and generatos flaw data -

di~p 1ays and reports. (See Appendix D for the algorithms
and flow charts).

The computer has been p rogrammed to aid the operator
[n preparing a complete record of the ultrasonic test.
The program is ve r sa t i l e  so tha t  needless  r e pet i t i o n  of the
input parameters can be avoided by proper selection of the
command string .

The opera to r  has two se lec t ions  to make at the begin-
ning of the program to select the type ~f input and test
to be per fo rmed . Thes e sele ct ions are listed under the
heading of run mode and scan mode as presented below . The
operator response to the question or run mode tells the
computer how to prepare for the subsequent operation. The
operator response to the scan mode tells the computer what
type of data is to be taken. The operator can rep ly with
any of the follow ing responses (depending upon the mode
selection made).

~ 
/
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Operator
Question Response* Computer Response

Run Mode = IN (ITIAL) Prepare new data files and prepare
for new input test description
files. Remove data from DK1.
Cleans the disk.

DA (TA ) Prepare to take data using the
previously input test description
files. A new run number must be
given to each scan to separate the
files for retrieval.

RE(PORT) Prepare a table on the CRT of
the 40 10 of any input tes t
description files and test data
for any described area and flaw
threshold level.

DI(SPLAY) Prepare a graph on the CRT of
selected input test description
fi les and test da ta for any des-
cribed area and flaw threshold
leve l.

Lt(ST) Prepare a list of the run and
par t name , scan mode , and 0/, of
disk us ed for the disk pack that
is on DK1 (top drive).

DE(LETE) Deletes the last data run and
specimen input information from
DK1.

HA(LT ) Stops the program operation and
returns the computer to the DOS
monitor control .

Scan Mode RE(FLECTION) Prepare for reflection test
operation er data disp lay from a
previous  sc an.
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Opera tor
Question Response* Computer Response

MU(LTI-GATE) Prepare to operate in multi-gate
mode for test data or disp lay.

SH(EAR WAVE) Prepare for shear wave test
operation or data display from
a previous scan

3.9 DATA DISPLAY TECHNIQUES

This section desc r ibes the dif f erent t ypes of flaw
display modes that the system is capable of providing .
The primary display for the original inspection is the
conventional C-scan recording . The post-inspection mode
allows the operator to expand a particular area to full
screen size for more detailed examination , to perfo rm flaw
amplitude discrimination , and to perform spatial filtering
to remove flaw indications from any portion of the compo-
nent. The system also has an isometric display mode that
has all the features mentioned above plus , it provides the
amp litude profile in X and Y direction . The system is
also capable of performing a flaw homing routine to deter-
mine the flaw orientation .

3.9.1 Original Inspection Records

The original real-time inspection record for both the
rectangular and circular scan modes are the C-scan type.
The scan area display is orientated on the screen to pro-
vide a maximum size disp lay. The information pertaining
to the inspection such as , time, data , attenuator setting ,
type of scan , and part description are disp layed on the
bottom of the screen. An example of this type of disp lay
is shown in Figure 12.

3.9.2 Magnification of Display

The system can magnify or expand a particular area
of the test specimen . Figure 13 shows a post-inspection
display of the area from 3.5 to 4.5 in the X axis and 3.5
to 4.5 in Y axis , which contains a 5/64 inch FBH 3 inches
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deep , of the real-time inspection shown in Figure
This provides a magnification of 2X. This disp lay is
for  all f l aw ind ica tors  above 2O~ of the ca l ib ra ted
reflectoscope screen height .

3.9.3 Isometric Disp lay

This form of disp lay was developed to aid in
visualizing flaw size and shape . It disp lays the amp li-
tude profile over a potential flaw area. Th e conventional
C-scan recording describes a potential flaw area with a
fixed but selectable amplitude level. The isometric dis-
play presents the maximum amplitude above a threshold level
over a potential flaw area . Figure 14 is an i some t r i c  dis-
p lay of the 5/64 inch FBH as shown in Figure  1 3.  The
pe r t inen t  run info rmation is disp layed on the s c r e e n ,,
Amp litude discrimination and spatial filtering can also be
app lied to the isometric disp lay as well as t e  the con-
ventional C-scan presentation .

3.9.4 Spatial Filter

A spatial filtering technique was developed for use
in examining the inspection results in more detail . This
technique enables flaw indications existing in any p o r t i o n
of the test specimen under inspection to he deleted from
the C-sean disp lay. Since the computer records the co-
ordinates (X, Y, Z, Q and ~

) and the  depth  of the  f l a w
indications , dele t ion of Claw indications from any portion
of the test specimen can he accomp lished h~- simp le comp uter
instructions. Flaw indications from s u rf ac e  irregularit i s ,
edges , e tc .  can be f i l t e r e d  f rom the  disp lay.  S p a t i a l  ~il-
tering can be developed t o  fit the final or net -  shap e of a
component to a rough lorging that contains flaws. App lica-
tions and usefulness o f s p a t i a l  f i l t e r i n g  to a id  in data
i n t e r p r e t a t i o n  are  desc r ibed  in s u b s e c t i o n  4 .5 In s p e c ti o n

Results.

3• q , 5 Repor t  Mo de

The report — generat jug rout the i~ U SO( 1 to di sp lay t lit-
pertinent inspect i o n  I 1 L ri~e5i t t I  I n  t ;ibti 1.1 ted form , it
p rovid es a cover ~heo t coot a in i iig a ll t lie p t  rt lno~ t pa r amet
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about the inspection such as operator name, run star t
time , run stop time , frequency of inspection , trans-
duc er serial number , etc. Figure 15 is a disp lay of
the cover sheet. Figure 16 is a disp lay ol a typical
page of data for the compressiona l mode .

3.10 POST INSPECTION ANA LYSIS

This section describes the different types of post-
inspection analysis that can be perfo rmed. These include

S 

amplitude discrimination and filtering of the stored
data , flaw homing to determine flaw orientation , and
ultrasonic spectroscopy to determine size and shape of
flaws.

3.10.1 Amplitude Discrimination

The system can do amplitude discrimination. That is ,
the C-scan recording can be displayed at any less sensitive
but selectable amplitude level with respect to the initial
gain setting . The data disp layed in Figur es 17 and 18
are for the same 5/64 inch FBH as in Figure 13; however ,
the disp lay in Figure 17 is for 4O7~ of screen height and
Figure 18 is for 8OG/~ of screen height . Amp li tude dis crimi-
nation provides a very expedient means to automatically
reject flaw indications without operator intervention.

3.10.2 Spectroscop y

Ultrasonic spectroscopy is the study of modifications
in ultrasonic frequency spectra caused by interactions
between a sound beam and a scatterer. It was suggested by
0. R. Gericke9 as a means for determining the size and shapes
of the scatterer. Although still in its infancy with
successes limited to highly idealized shapes and siz es , its
measurement potential has been extended to include the material
properties of the scatterer.

3.10.2.1 RF Digi tiz er

Figure 19 is a block diagram of the equipment used
to obtain ultrasonic spectroscopy data. The equipment con-
sists of (1) an oscilloscop e (Tektronix Type 555), (2) a
scanning scope (HP l75A with l726A p lug iii) , (3) a dig ital

41
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REFLECTION PIODE OI~TA REPOF-T t9-P1.iR-~~ 13’18 509 P~Gt
RUN I NFO~’MAT I ON

R).IN P4HrIE’E~ S FA RT NHME - AFML TB I
DAlE o rEB—~s P~IRT NUMBER *1ST~ RT T I M E  - 14 - 1 6 54 OFER~iTOP -

STOP TIME 14 ~9-~~0 TEST SITE GO.~FW S’~~~~~
C~ L 1ER~ T 10)4 IPIFORMA T ION

M~ TE RI~.iL THIC K NESS - 370 1N TEST MA TERIAL ALUMINUM
TEST FPEOUENC’I 5 0 MHZ . TRANSDUCER NO 1003
ATTENUATOR SETTING 29 OB. REFERENCE 510 5’64 FBH
FL AW kMPLITUDE I~ S0~~ - -3314

SCAN INFORM A TION

SCAN TYPE RECTANGULAR SC~~4 LIMITS - X • 0. 00 10 12 00 IN
SCAN DIRECT ION V V — 0 00 TO 27 00 IN
t~lDE>~ I N CREME N T - 100 MILS
SCHt-4 SPEED 6.00 IPl’SEC

FILTER LIMITS FOR REPORT

AMPLITUDES ~BOL’E 0 ~REH INSIDE X — 7 .00 TO 5 00 INDEPTHS ~EOt E 3 7~ IN ‘1 — 3 00 TO 5 00 IN
OEPTH~. Ol.I1’ IOE 0 00 TO 000 IPI .
DEPTHS OUTSIDE 0 00 TO 0 00 IN

Figure 15 Post-Inspection Report Cover Sheet
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REFLECTION MOLiE DA1 A REECE T i~ -r-iAR -7S 13 15 09 PAGE 2

y ‘ P’:’TATE TILT THICP ~ DEPTH AMPLT F~~~B GA TE
7 50 4 ~~~ -- 0 ‘33 0 ‘3 ‘3 0 3 49 2 5 4  62
7 80 4 10 -13 0.~ 13.0  ‘3 13 3 .49  2 55 148
- 8 0  4 11 -0 132 0 0  0 1 3  3 4 9  2 5 4  199
7 ~0 4 IL  --0 02 0 0 0 0  3 49 2 55 245
7 80 4 13 —0 132 0 ‘3 0 ~) 3 49 2.54 243
7 80 4 iS -0 02 ‘3 0 0 0 3.49 2 55 227
7 ~0 4 16 -0 02 0 (1 0 0 3.49 2 54 177
7.80 4 17 -0 02 0 0 0 0 3 49 2.55 123
790 425 0 .03  0 0  0 0  349 254 163
7 90 4 24 0 03 0 0 0 0 3.49 2 54 354
7.90 4~ 23 0 03 0.0 0 0 3 49 2 54 543
7.90 4 22 0 03 0.0 0.0 3.49 2 54 732
7 90 4.20 0.03 0 0 0.0 3.49 2 54 959
7 90 4.19 0 03 0.0 0.0 3 49 2 53 1104
7.90 4 18 003 0.0 0 0 3.49 2 54 1284
7.90 4 1? 0 03 0.0 ‘3 0 3. 49 2 54 1454
790 4 1 6  003 0 0  0 0  349 2 5 4  1547
7 90  4 1 4  003 0 0  0.0 3.49 254 1613
7.90 4.13 0.03 00 0 0  3 49 2 54 2630
7 90 4 12 0 03 0 ‘3 0 0 3.49 2.53 1628
7 90 4 11 0.03 0 0 0 0 3 .49 2 53 1562
7.90 4 09 0.03 0.0 ‘3 0 3 47 2 54 1476
7 9 0  4 0 8  0 0 3  0 0  0 0  3 4 9  2 5 4  1373
7 90 4 07 0.03 0.0 0 0 3 49 2 54 1229
7.90 406 003 ‘30 0 8  349 2 5 4  114 1
7.90 4.05 0.03 0 ‘3 0.0 3 49 2 53 1012
7.90 4 ‘~~O3 0 0 0 0  349 ‘53 891
790 402 003 00  0 0  3 49 2 53  776
7 90 4 .01 0 03 0.0 0 13 3 49 2 54 681
7.90 4 00 0 03 13 0 ‘3 0 3.49 2 53 578
7.90 3 98 8.03 0 0 0 ‘3 3 4~’ 53 4~67 90 3 97 0.03 0 0 0 0 3 49 2.54 393

Figure 16 P o s t - I n s p e c t i o n  Typ ica l  Repor t  Data sheet
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Figure 17 Post-Inspection Expansion of 5/64 FBH with
407. Threshold Leve l

S
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3 _________________________________________ THRES~4QLO LEVEL 80~;
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MODE REELECTION RUN 5 DATE . T IME O2~FE8-7~ ~14 1~ S4
EHPT AFML TB 1 ATTN 29 OB

Figure 18 Post-Inspection Expansion of 5/64 FBH with
807. Threshold Level
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computer (Dig i tal  Data Corpora t ion  PDP 11/45) , (4) a digi-
tal-to-analog converter (PDP 11/45 D/AC interface), (5) an
analog-to-digital converter (PDO 11/45 A/DC interface),
(6) a memory scope (Tektronix Model 4010), and (7) a hard
copier (Tektronix Model 4610).

The d ig i t i za t ion  s y s t e m  works  as f o l l o w s :

1. A segment of an RF wavefo rm that is disp layed
on the oscilloscope is delay mode disp layed on
the scanning scope .

2, The delayed RF disp lay on the scanning scope
is sampled at either 256 , 512 , or 1024 sequential
positions along the time axis by a computed analog
voltage which  is fed to the l726A input of the
samp ling scope through the D/A converter.

3. The analog v e r t i c a l  ou tpu t  of the l726A is con-
verted to digital data and stored in the computer
memory at each sequential time .

3.10.2.2 Data Processing

Once s to red  in the computer , t he dig i t i zed  RF can be
Fourier transformed by digital computer software. Both the
digitized RF and the resulting Fourier transfo rm can be
disp layed on the memory scope and (if desirable) can be
hard cop ied . The total time required to perfo rm the calcu-
lation and disp lay the frequency spectrum is normally the
orde r of eight (8) seconds when 256 data po in t s  are digi-
tized , Fourier transformed and displayed at 200 frequency
points. A typical disp lay of an RF wavefo rm is shown in
Figure 20.

3,10,2,3 Fourier Transfo rm Software

Data taken in the time domain are  related to  the fre-
quency spectrum by the well-known relationshi p

F ( t )  = f  C (W) e ~~ c1~ (1)
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The frequency spectrum G(Ci.~) can be obtained from the
integral

G(LJ) = 

~ J F(t)e~~~
Jt dt (2)

The term “Fourier transform”~~efers to obtaining G(w) from
F(t), which can be done with a frequency analyzer or by
direct integration of equation (2). The Fourier t r ans fo rm
of F(t) that was used in this study was analytical. The
waveform F(t) was digitized as 256 values with equal time
spacing within a sa~np1ing gate T seconds long. A quadra-
tic-fit of the form F(t) = A+Bt+Ct2 was used to interpolate
between successive values of F(t). The resultant frequency
spectrum G(w) is a produc t of the source spectrum S(w) and
the reference spectrum R(w), where R(~) is the transducer
and electronic component frequency response. It is highly
desirable to remove this unwanted modulation in nondestruc-
tive testing , so the dependence on transducer and electro-
nic component response will be minimized. This undesirable
modulation is removed by dividing the resultant spectrum
G(w) by the reference spectrum R(w), or S(W) G(~) / R(w) .

The dimensions of the resonating elements are obtained
simply from the frequency spacing (A ) between the inter-
ference dips or peaks. The condition for resonance to
occur is for the resonating element to have dimensions that
are integral multiple half-wavelengths of sound . The con-
dition for resonance is -

= 
2cosO (n = 1, 2, ...) (3)

where t is the dimension of the resonator , n is an integer ,
A is the wavelength of sound in the resonator , and 9 is the
angle between the direction of sound propagation in the
resonator and the normal to the surface of the resonator.
For norma l incidence , the angle 9 is zero .
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3.10.2.4 Obtaining Flaw Types and Dimensions

This section represents a typical application of the
s ignal processing capability for characterization flaws.
New applica tions ar e being discovered every day .

If parallel gap openings rang ing from 0.001 inch to
0.10 inches are filled with several different liquid media
and the gap width can be measured by ultrasonic spectroscopy.
Either compressional and shear waves can be used in the
measurements.

Figure 21 is a Fourier spectrum of a 0.086 inch wide
waterfilled slot in A FML specimen number 1 which is slanted
at 450 with respect to the parallel surfaces. The resonant
wavelength is obtained by dividing the velocity of sound in
water the (0.35 MHz) frequency spacing between minima dips
of the frequency spectrum. Dividing by 2 yields a slo t
width of 0.083 inch in this e’~ample .

Figure 22 shows the sour ce spectrum along wi th the
spectra of waterfilled slots having dimensions of 0.023-
inch width by 0.20-inch depth and 0.043-inch width by
0.20-inch depth cut into a 0.50-inch thick aluminum p late.
The source spectrum was obtained by a Four ier transf orm
the normally incident top surface echo from the test
specimen. The frequency spectra were obtained using shear
waves in the aluminum. The slot width (obtained by divid-
ing the resonant wavelength by 2) agrees to within 2 per
cent of the actua l slot width . Fill media such as gl ycerin ,
air , and mercury have been studied with comparable results.
Wa te r f i l led gaps a f ew mils wide have eas ily been measured
through 8 inches of metal travel (4 inches eacy way) by
using compres3ional wave at normal incidence.

The procedures for measuring slot width has also been
successf ully app lied to measuring the diameter of a right
cylinder. In all cases the velocity of sound in the slot
has to be known or assumed in order to determine the dimen-
sion. The converse is also true that knowledge of the
dimensions allows one to compute ultrasonic velocities.
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3.10.3 Flaw Homing

Flaw homing is a technique developed to detect  ran-
domly oriented flaws and determine flaw orientations .
During post inspection analysis , a software routine auto-
matically returns the transducer to areas having flaw indi-
cations and sudden lOSS of bottom surface reflections and
per fo rms a search rout ine.  The search routine consists of
scanning the t ransducer  over the suspected area with many
pos sible directions of sound entry to the tes t  specimen and
recording the coordinate of the transducer where  maximum
reflected amplitude is recorded . The disp lay over a 45°
inclined slot in specimen AFML Test Block No. 1 is shown
in Figure 24. Interpretation of this disp lay is difficult ,
but the coordinate where the max imum amplitude was obtained ,
is re”orded at the bottom of the display.

3. 10.3 1 Search for  Inclined F law (SFIF)

This routine per fo rms  a pre-programmed search . The
search pattern is similar to the one dep icted on Figure 25.
The variables which can be input are , Radius, Delta , Alpha 1,
Alpha 2.

The search is performed as follows: The scanner is
driven to each numbered point , at these points the TILT is
driven from Al p ha 1 to Al pha 2 ;  the computer s tores  the
maximum amp li tude and the number of times a flaw signal is
detected; the scanner is then moved to the next point , and
the process is repeated . The numbers indicate the scan
sequence.

In orde r to obtain the coordinate at which the optimum
incident ang le occu r s , a number (N) is formed from the maxi-
mum amp litude and the number of detections during that
rad ia l  scan . The radial scan is selected on the basis of the
largest value of N , the point along tha t radius is determined
on the basis of the maximum amp litude .

N = 3 * N N * K + M a x . Anip .

K = 4-96/(Maximum number of possible detection)

NN = Number of d e t e c t i o n s

Max &mp = Maximum amp litude

The value of N ranges from 0 to 1~ 383.
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3.10. 4 F i i t ~ - r i n g  R o u t i n e s

The software routines ‘REJECY and ‘ RJ ’ compr i se  the
major elements of the filtering capability .

The f i l ters , in effect , reject or force p lotting or
l i s t ing  of da ta.  Al l  filters except the ‘Flaws with Back
Surface Switch’ remove data from the output. Any or all of
the filters may be bypassed. The filters act in sequence ,
the first being the volume filter. This volume is defined
by (XSTART-XSTOP) (YSTART-YSTOP), MAX DEPTH. This is shown
in Figure 25. (If the inspection used was multigate the
routine ‘RJ ’ is used to remove depths within two layers.
(No further filtering is performed with multigate). The next
filter app lied is the Back Surface Filter . If the flaw beinc~
ex ami n ed has been dec lared  a back su rf ace , i t is dele ted f r om
the p lo t .  If the f law has a back surface associated with it ,
t - -L• f law is p lo t t e d . There are three tests for amp li tude
d i s c r i m in at ion , amp l i tudes gr ea te r  tha n an input value ,
amp l i tudes  equal to a cer ta in  value , or amp l i t udes  less than
an input value . Amp lituues meeting these criteria a re  not
p l o t t e d . Last , the re are the l ay er  f i l t e r s  for  r e m ain i n g
f law w i t h  depths witbin certain layers. The f low d i ag ram
for the filter routine is shown in Figure 26.
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S E C T I O N  I V

D E M O N S T R A T I O N  A N D  E V A L U A T I O N
P R O T O T Y P E  S Y S T E M

This  sec t ion  d e m o n s t r a t e s  the use of the  c o n lp u t t - r
au tomated  u l t r a s o n i c  in spec t ion  system for LflSj)t. c t i f l L Y
simp le -shaped  s t r u c t u r e , comp lex eng ine d i sk  f o rg i n g ,
and comp lex aircraft forgings.

4.1 SIMPLE-SHAPED STRUCTURE

Te s t specimen AFML Test Block No . 1 was used t o
demons t r a t e  the sys tem ’ s capab i l i ty  to perfo rm high
speed scanning (up to 10 inch/sec) , to recover from t he
loss of a back surface reflection (BSR) by means of
computer control of flaw gate width , to scan off the edge
of a par t , to detect two in-line flaws , and to demonstrate
f law homing . Fi gure 27 shows the layout  of specimen AFM L
Test Block No. 1 which  has a sect ion change f rom 2 . 5  t o
3.5 inches and has a t a p e re d  s e c t Io n  wh ich  causes the loss
of BSR. The t apered  section contains flat bottom holes
normal  to the top s u r f a c e  and f l a t  bot tom holes  norma l t o
the taper. This block also has a 3/64 inch FBI-I drilled
inside a 8/64 inch FBH to simulate the case of a f law
above a flaw . This block also has an inclined slot at a
45° ang le wi th r e spec t  to the s u r f a c e s .  This large in-
d ined s lot  is used to  d e m o n s t r a te  the v a l u e  of f law homing .

4 .1. 1 R e f l e c t i o n  M o d - :  Compute r  C o n tr o l  Flaw Ga te

The dis 1~lay shown in Fi gure 28 is the  a n n ot a t , -d in-
spec t  ion record o -f t he  AFML Test Block No . I t I - s t  sp e c i m e n .
The i n s p e c t i o n  was p e r f o r m e d  w i t h  compress  i on a l  wave a t  a
f r e q u e n c y  of 5 M h z  . A l l  the  i n sp ect  i o n  r e s u l t s  di S c U S s, -d in
this rI p ! - r t were of) t a m e d  at 5 M h z  , us i i i g  a 0 . 1 i n c h  s, ’ ann c  r
index , w i t h  a 5/64 inch  FBI! as r o f e r u - l i c ! - f l a w  1I ’ca t I-d nt.-ar

t he bet  t oni o f  t h e  t h i c k - s t  S I - i t ion of a t e s t  s p e c i m e n .  The
amp litude of the FBI! was s t  t - - 80-  v- f  5 c r - n  h e i g h t  • and
mdi cat  i t  - is 1l~ \ -  - ‘fl - of sc n e-n he i ght w - ro ’ r co i-ded (un h-ss
o t t i - r w i s ~’ s t - i t  I d ) .  ‘th e  inspe ction fer t \ f - ’~’ 1 l ,  Tes t  B l o ck  No . I
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was scanned from the flaL side and at a speed of 6 inches
per second , When the transducer traverses from the 3.5
inches section, through the taper , and to the 2.5 inches
sec tion , under computer control the flaw gate width
adjus ted to these changes in real time whil e scanning at
6 inches per second . At the taper section , the BSR is
lost. In this case , the computer automatically sets the
flaw gate width to accommodate the thickest section of
the test specimen under inspection. In this case , the
maximum thickness is 3.5 inches. It took the system 12
minutes to comp lete the inspection of th is  test  specimen
with a scanning speed of 6 inches per second.

The two rows of flaw indications on e i ther  side of
the taper are not flaws. They are back surface reflections
which can be removed from the disp lay by using the spatial
filtering routine. However , they are useful in outlining
section changes within a given test specimen. When the
BSR is lost due to tapers , large flaws , etc., the first
signal that appears after the top surface reflection
signa l is recorded as a flaw over a dis tance of ~2 inch.
This precau tion is taken to avoid missing a large fl aw or
a small flaw that might occur near the edge of a section
change or a taper section.

All the FBH s , including the two that are located on
the taper section and off normal to the top surface of the
specimen by 36°, were detected clearly. The 45° inclined
slot was also detected.

4.1.2 Flaw Homing

The search for an inclined flaw was performed on the
large elox slot in AFML Test Block No. 1 during post
inspection ana lysis. The scan pattern as described in
paragraph 6.5.8 was executed , and maximum amp litude was
obtained at a tilt angle of -9.9° at an X position of 5.0
and Y position of 10.0 for the 45° incl ined s l o t.  Using
this ang le of _ 9 •9 0 , a scan was made over the suspected
area. The results of this scan are shown in Figure 29.
The value of flaw homing is demonstrated by comparing the
results obtained with the scan at the pre ferred angle
(shown in Figure 29) with the expanded disp lay of the
results obtained with a scan at normal incident (shown
in Figure 30).
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4.2 CONTOUR FOLLO t -JIN G OF L\RGE RADII

AFNL Test Block No . 3 (see Figure 31 and 32) was
used to demonstrate the use of the ultrasonic feedback
scheme for contour following of a large radii (3 inches),
p e r f o rm coord ina te  t r a n s f o r m a t i o n  when the transducer is
o f f  angle , and control scan speed. Figure 33 is a dis-
p lay of the inspection record for AFML Test Block No . 3
scanned at 2 in/second while operating under speed control
on the curved and sloped section . The scanning time for
the inspection was 22 minutes. Changing the direction of
scan from the long dimension of A FML Test Block No. 3 t o
the direction with the short dimension (see Figure 34)
reduced the scan time to 13 minutes while scanning along
the long dimension of the test specimen , speed control had
to be used ;.-verytime the curved section was traversed .
While scanning along the short dimension of the test specimen ,
spe ed con trol is invoked onl y on the index cycle .

When scanning on the taper section of this specimen ,
the FBHs located near the bottom of the specimen do not have
the same coordinates as the point of sound entry on t h e top
surface of the specimen . A real-time software- coordinate -
transfo rmation routine was developed and imp lemented to
disp lay the flaw indications at tb- j r true coordin ,it - . Flaw
indications from this test cpecimen and others w i t h  top e -r
and curved surfaces were all disp layed in rea l-tim e- at th eir
true coordinates.

With further development in a comp lex-shaped specimen

where a d i s c o n t i n u i ty  can be det -ct d f r o m  several coordinatl -s ,
the  dimensions of thi’ discontinuity could be r e c o n s t r u c t e d .

4.3 INSPECT ION RESULTS FOR M IT 1I PL E
FJSAW GATE SYSTEM

The multi p l e flaw gate - system is used o d - t  I c t  t wo

or more in—line flaws , pr -v I dod t h e  first- flaw doe -s not mask
the o t h e r  flaws . Figure 35 i s  an a n n o ta t e d  m u I t i — e ~a te  dis-
p l a y  of  AFML Ti-st Block NI l . 1 . Fi~~e i r t - ~ is one pal’ I - 0 the’
r e po r t  from ove r t b -  ar- a of th e ’ 3/(~ inch FBI -I dri lied i n s i d ~-
the 8/64 inch FBi!. So Itware - rou t ill -s we’re- d 1 v ~ lo pe -d t o (tiS—

c riminat e I f a signal is a n i u l  tip I e r - f i  e c t  i o n  o f  t h e  h a c k
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F’luLTT--G~ TF Mcliii- Oi.~1~ P[POF-~T cr’— EFEL-.7~ 15 - 23 14 PAGE 3

‘4 C’~ G DI F~i [7 03 ~ 1
I t 0  4 09 1 3 2 ‘~1 951 ~5~~~~~~S9 L--v3 3. 4 ’  4093
1 Ge 4 10 1 3 ~-7 925 7 ~‘9 I, :r 4? 4093
I Gel 4 II 1 3 2 93’- 2 9-’ 1194 3 47  4095
I ~ &1 4 13 1 3 2~~~1 929 2 99 115? ~3 4? 4095
I 60 4 14 1 3 62 937 2 3~~ 11.30 ~ 49 4095
1 60 4 15 1 3 2 62 95.? 3 ci 1C~2~ 3 49 4095
1 ~-0 4 16 1 2 2 ~2 974 3 4;’ 4tI-~-5 ~1 60 4 17 1 2 2 99 832 3 4? 40-35 0 iY3 0
1 60 4 1 9  1 2 3 01 817 3 4? 4095 0 . t- -3 0
1 60 4 20 1 2 3 01 816 3 47 4095 0 I~~..J 0
1 60 4.21 1 2 3 01 808 3.47 4095 0.e3 0
1.60 4 22 1 2 .3 01 804 .3 4? 4095 O C u  0
1 60 4 23 1 2 3. 02 8 16 3 4 7  4095 0 00 0
1 60 4 25 1 2 3 02 6-1)? 3.47 4093 0 dO 0
1 60 4 26 1 2 3. e37 810 3 4? 4095 0.00 0
1 .70 4 22 1 2 2 . 6 2  84? 3 47 4095 0 0’) 0
1.2 0  4 2’) 1 2 2 . 6 1  824 3 4? 4095 0 (‘0 0
1 70 4 19 1 3 2 .6 1  779 3.02 225 3 49 4095
1 70 4 1-~ 1 3 2 61 91 4 -3 01 545 3 . 47 4095
1.70  4 17 1 3 2 . 6 1  915 2.99 54~ 3 4? 4095
1.70 4 16 1 3 2.61 918 3 Ci 602 3. 4? 4093
1 70 4.15 1 3 2 61 9j7 2 99 544 3 43 4095
17 0  4 13 1 3 2 61 823 2 39 703 3 49 4095
1 . 70  4 . 1 2  1 3 2 60 838 2 33 736 3 4 - ’ 4093
1 70 4 .11 1 3 2 61 6-29 2 ~9 7S6 S3 49 4095
1 . 70 4 .10 I 3 2 6 ~ 1~i ~~- i ~ 49 4095
1 7 0  4 0 9  1 3 2 . E - I  849 2 9 9  077 7 4 9 4095
1 70 4 07 1 3 2 .6 1  904 -3 01 ~~~ 7 49 4095
1 70 4 05 1 3 2 6 1  946 2 99 ~ -

~~~~ 40951 7 0  405 1 3 2 5 1  934 239 ~‘..5 3 4 9 4095
1 .70 4 .04 1 3 260 232 299 9~ 3 :-~ ~~7 4u9~

X = X Position of Flaw Indication
Y = Y Position of Flaw Indication
BS = 0: No Back Surface

1: Back Surface
G = Gate Which has Back Surface
Dl = Depth of 1st Flaw or BSR
Al = Amp litude of 1st Flaw or BSR
D2 = Depth of 2nd Flaw or BSR
A2 = Amplitude of 2nd Flaw or BSR
D3 = Depth of 3rd F law or BSR
A3 = Amp li tude of 3rd Flaw or BSR

Figure- 36 P1-st-Inspection Report Record of the Areas of the
Two I n c l i n e d  F laws
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s u r f a c e .  If so , it wi l l  be disre garded .  The flow chart
f o r  this routine is described in Paragraph D.4.6.

4.3.1 Multi-Gate Over a Step Function Change
in Thickn ess

The multip le flaw ga te sys tem can also be used to
reduce the shadow zone due to an abrup t change in the
thickness on the far side of a test specimen. Defects
located in this shadow zone can go undetected . Figure 37
is a layout of test specimen A FML Test Block No. 5.
Fi gure 38 is an inspec tion disp lay of this specimen
obtained with the use of the multiple gate- system . A
FBH located very near a step function change in the thick-
ness on the back surface can be detected with the use of
the multip le gate system . Figure 39 is a disp lay of this
specimen obtained with the use of only a sing le computer
controlled gate. The same FBH that was found using the
multip le gate system was not found using the sing le gate
system.

4~4 INSPECTION RESULTS FROM ENGINE DISKS

Engine disk forging can be inspected with either a
rectangular or a circula r scan mode . The circular scan
provides a more comp lete inspection of the total vo hnrie-
of the disk over the rectangular scan due to the forging
s ymme t r y.

4.4.1 GE Top -Hat Disk

The engine disk forging shown in Figure 40 was in-
spected using both rectangular and cire-ular se -an modes .
Scanning the part with the step function on the back sid-
produced the disp lay shown in Figure 41. Spatial filt -r-
ing to remove the data from the step f u n c t i o n  produced
the disp lay shown in Figure 42. The data in t h e  uppe -r
right-ha nd corner is flaw info rmation . This data was  t ,~k1 - ‘
hi’ fore the re fer e n c e  holes were dri 1 11 -d .
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Figure 38 Near-Real-Time Inspection Record Using Mu]ti-Gati-
Inspection of  AFML TP- Ifr 5

S -5-.-- 

ii
S., U

0
•

i _i I
• 

- IS I I -

11
• I

:
•

.5 

: 1

_

REFLE CT i ui’i ~~~ #L.~- 4  0 - L’ 4’ - - 
~. 4 - I - ‘ -.

OF ER~IT0~ - j c- I 7
- ~~- t C L TE’3T iJ~ c i  - , -,

Figure 39 Near—Rea l -Time Insp - -tion Record t~s i ~~~ C - : n p n t  - r
Cent r I  -1 Flaw Gate rnspe-~--t ~ - ‘fl c c l  AFML TB l~ 5

71

__  555-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~_ S ~~~~ - - -~~~~~~5--- -~~~~~~~~-— -~~--



-- ---- -5-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~-~~ :-
~~~

- - -
~~ ~~~

- -

~~
- ----

~~~~

--- -

~~~~

- - ---

~ /
/ \

\ H ~1~

>-

C’) I— 0

__ ~~~~~~~~~~~~~~~
.~~)

/
- / \

I -
~I /

C I I
1
\ ~~~~~~~~

72

------55- -



5-- -~~~~-- _. _ _ __ _S ~~~~~~~~~~~~~~~~~~~~ _ _ _ __ _ __

REPORT OOTE 06-FEB-75
I S — F S S

ii
• iLl

” ...:~:. :i .4: ;.
.
.
. 

~~~~~~~~~~~~~~~~~~~~~~~~~~ IV 
:~~~~

‘- ‘
~~~~~~~~~~~~~~~~~

-, 

-
-:~

5 u ’ 4~ 
1.~~I . . . •

..
. 7.

~—~::: :~ 
- ill 

1

~ i’,’i1
’
~ :-

‘

a
lODE - PEFLECTII)P4 RUM 7 DATE/TIME - 19-SEP- 74 ~I5 0 1 - 1 6
PAPT - E))GIN DISK (33 .~’ ATfl4 ‘ 38 OB.

Figure 41 Near-Real-Time Inspection Record of Top-Hat Disk
Using Rec tangular Scan

REPORT DATE 06-FEB-75
a - - — — —

IL’

U

S

V

• • I
I I

• 
.

.4

3

S

a C

0 — ~.. — ~
_ .

U t U 3 ~4 U U V S U LL’ P.4 I~M t . c PEFLECTIIj II RIjpI 7 01-lIE- - T I M E I9— 5~ P- 4 .1 5 01 14,
~ ~~ r ENGIP ) ONe (35 ‘ O h M  -~ DII
LILL~J 1) 40—0 C~.I c )  40—0 -~~ L L 1 40 IIS oF F AE 409c; ALT 0

Figure 42 Post-Inspection Record of Top-Ha t Disk U s i n g
Spatial Filter

73

_____  -~~~~~~~ 
__



~~~~~~~~~~~ 5 . 5 5 5 5_ 
- -

~~~~~~~

Thc data  f rom the c i r c u l a r  scan is shown in Fi gure ’ s
43 and 44. Figure 43 is the original da ta and Figure 44
is the f i l t e red  da ta  to remove the i n f o r m a t i o n  f r~-n~ the
step function . The indications shown on Figure- 44 are
flaw information .

4.4.2 AFT Engine Disk Data

The AFT engine- disk (see Figure 45)  was i n s p e c t e d
using the setup shown in Figure 46. The disk was rotated
at 9 revolutions per minute. The peaking mode of contour
following was used to inspect the 3/4 inch concave and
connex radii and the sloped section of the disk as shown
in Figure 47. Figure 48 shows the annotated re sults of the
compress ional  wave scan.  The compress iona l  wave scan began
at the bot tom of the edge- w i t h  the ga te  w i d t h  se - C onl y for

3 inches of metal travel. After the transducer reached the
top edge of the disk , it was rotated 90 degre e- s and normalized
to the top surface . Then , inspection commenced from the
outer edge toward the center of the disk. The transducer
could not follow the first two small radii , which we -re- smaller
than -

~~ inch . These areas were- skipped over and not inspect ed
with comp ressional wave . The compressional wave- inspection
was comp leted when the transduc er reache d the i nner edg~- of
the disk . At this point , the compu tl- r was p rogrammed to  move
the transducer back to the oute- r e d ge of the disk , to tilt
the transducer t o  g e n e r a t e  a 450 shear wave in the disk , to
change the gain setting to the precalibrate- d dB leve l , and to
change the flaw gate- width to the- desired l e n g t h .  Both t he
c i r c u m f e r e n t i a l  and r a d i a l  shear  wave scan we - r - - p e r f o r m e d
immedia te  I v  at the  comp l e t i o n  of the compre’s s Lena 1 wa\- - scan .
The sound beam was p I - i n t e d  toward  the center of th e -  d i s k  f - c r
the r ad ia l  shea r .

F igu re s  49 and 50 are  the a n n o t a t e d  ne-ar r e a l  - t i m e
i n sp e c t  ion disp lay of  the  r a d i a l  shear  and ci rcurr I c r - n t  i a]
shear , respective lv . The e lox slot NI - . E shown - -n F i g u r e
~ 5 was used as re fe -r ence  f l aw . The are- a around the  t v  -

sma l l  r a d i i  on the  d i s k , which we’re not inspe c t e d with c-e m—
p r o s s ional  w a v e -  , we re inspected w i t h  the  ci  r cum f e r c -n t  i al
shear.

The inspections requi r i d f o r  this disk a r c  shown
in Fi gure 51 • The t ime ie - v ded  for  th e -  c o m p u t c - r — a u t o m a t e d
sy s t e m  to  p e r fe - n i  the c-nmp l c - t v  i nsp ect  ion  i s  a b e u t  I~OI h our ,

74



FEPOPT O d E  I:-~- - FEII-;5
£4 .- . — .— — —.—————-— -

to - .
S.—

.- -
‘

•

5~~~~~~~~~~~/I
V 

/

• I I \
‘IU •

-
‘-p. 

I
l

.-
, I

3 
‘
~~ 

/ /
•

a 
.

,.,

5 - - ~~~~~~~~~~~~
o a ~ 3 .4 U ~ V U &l

PEF LE 1I T IITC4-I  PIJ1) 17 o-e r . -111- IF 21 -JeN- , 1 O  1- ~ 
-
~~~~F - ~ -~~T TOF- HOT C t H Y ) e~r~ cd C-4  [I[

Figure 43 Near-Real-Time Inspection Record of Top-Hat
Disk Using Circular Scan

REPORT 0.1W. bJ ’-~ --r Ite -
St r - - —

to - .
..

U

0 /

V

U

.4

S

U

a

a — _—___-_-- . t - — --—— 5--- — -.
a & • 3 .4 U U V S U P4

I- ~ CL [ 1  I I N  RI CI I 7 1 .Tr I IME 71 —Jc4- ) - ~ - - Ic ’ 1
C .1 - 1  T O t -  H i—d i ( 1 N  ‘ , .F T 4l -~ 00
[EL - ci cc i’- e 00,0 00 - -c ) 00 L L 41) ~- c c  i - -i ~~~~~~ 1 C)

l ’ i g u r e  ~~~ P - s t  In s p e ct  ion R e c o r d  of T- -i~ -11a t Disk H~iiigSp a t i a l  Fi lte -t - feit ~

75

---- ----- -

~ 

--- - 5- - --~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~ S~~~~~~~~~~~



- -5- -- - ---5 —5-- - -  S

1 ’ l  ~~4 •••~I

—

~~~~~~~~~~~~~ ~a• ::E~~~
~~~~~~~~~~~~~~~~~~~ z~~~~ s

~~~~~~~r r - r  ~~~~~~~~~~ 
a)
-
~

~~ 
co ~~~~ ~~~~ LJ\ 

-
~~~ =9—  ~~• 4 . :

c~D Cl) 1 °° - - —

< c~ (_) c~ >< LU U.. C) 

— 
-

/ ,, / \~ \

/ ~~~~~~~~ ~N

/

76 



S 5-~5-~ - —--—-~-~~~~---— - - S - - - - 5-  —5-- ~~~~~~~~~~~~~~~~~~~~~ 5-- 5 5--S - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

r

It 
— -5 —1

5
,’ -

~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4 1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

’ u 3

1j-
~ - - ‘

I
— -

- 

~~~~~~~ 

- 

-

77

5 - - -~~~ - -- - - -—-- -  -5- - -



~~~~pIpIIuuuuuuIuuuuuuIIuuIIuIIPItII!uuI.YNS - - - - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -5— - - - - - - - - -

I

I 
-

- ~~~~~~~~~I~~f -  --- 
5-

-i
Fipj rp  - I / P h ’ - c~~cp I c o~ T r a n s l u - rr - - -c- ~~- En lee DkL

7 -cs

S --- 5 — - - - - -



- ---- rn 

5)

SC-i

• S—c

~~~~‘ IS —Is ~~~~ _ ~ - - . 5 4 - 4 - —e l  - I S I - IS -.—

.

5- ;r
~;1~ 

- ‘ ‘~~~
-
~

I S ,
-
-

\
‘ —

--c m
- 

, ‘- •--
— 

I C

,— _

/

— 1 -
cxi

to _S
5
. — 

5~-t

-t -
1-~’ L. ‘cx 15

-r - -
_

LS _

-1 1

—S 
~~~~~~~~~~

— 
ti~- -S

.
-

— 5 IS- -I- - --- ---.-- F - - S I I I I 5 — •—• -IS I • I — I ~~ ~ —
—

I ~ I 5 5 L . • ~ a

7°



D—A037 633 GENERAL DYNAMICS/FORT WORTH TEX FORT WORTH DIV FIG 13/8 N
COMPUTER—AUTOMATED ILTRASONIC INSPECTION SYSTEM FOR AIRCRAFT Fo——ETC (U)
MAY 75 B 6 TEE. a S KUNSELMAN . T C WALKER F33615—72—C—1825

UNCLASSIFIED AFML—TR—75—82 NL

;~
_

~ISB~11! ! S~!!~~~~I U__ __
II ~ 0 

_ _ _ _I__ _ _



I
PA l  .

• ~ ~ 28 IDII~
_ _ _  

1W 2.2
~[3 6  —~

I • I
IIII~

8
~I.25 ~ I.4 

~
. 1  I~ A I~~



R~O1p~L. SHL~4R •~ .:‘3 tlEi~~ ~‘:.eiu
— P u .  -S.

•4

S. - 
-- 

...

S.

S. 19O ~ ~~~~ 
‘X M1U”14

ELUX 1ELoT .
~I. \

S. ~~64 F8~1 “
S

£.4 

~~

, ~~ i

I. I

S.
—

a

S

.4

a

- —, , . — I —
0 5 .4 S • S. S. l?4 a S . S . S .~~~~MOrE 1E~ fr-<-;LHt1

OPLP~ TuR J -;t- I’HTE 2~:— biN- 7 T I ME t —. ~~~iiFr rJI~.K iin~- II ii. RI UI P1

Figure 49 Near-Real-Time Inspection Record for the Radial
Shear Scan of the AFT Engine Disk

Cu)MPI F . I’ *I *~L I.~-~’.’E II’ u Fr- ~ 4 TO ‘.I
— 1. — —S—— I -. - 

S.

-- -

—
. 

-

I ‘

: 5..’ ~~~~~~~~~~~ ~~~~~~ 

\

5t~~~~~~ b4/~~~~~~~~~~~~~~~~~~ 

,/ ~~~

0 • .4 S S S. S. 1$ S. IS S. 54 S.
Pr.r LEI. TI’) tI

-~~‘t F u-sTr!F I’\p. CIi-~T( .~~:—J,iI I T 1IIE I.I~ .-.~ 1.r 4~ -r HUT OLU~ Hi liii hi: I~’I II I 3

Figure 50 Near-Real-Time Inspection Record for the
Circumferential Shear Scan of the AFT Engine Disk

80

III_ —-— —‘~——‘— -—---——- _ - _ “--———-—-- - .- - - rn— “- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~--~~~~~ ‘~:: ‘- - --
~~~~

‘
~~~
“-

~~~
- • - - - - - ‘-

La

_ _ _ _ _  

11i 1h0 11J11. 

~
— o ~~~

1~~~~~~~~1 ~ 0

LI.

81

- - -—-— -———- - ---- - - -  ‘ ‘~ ‘~~~~~~~~~“~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ “~~~~~~~~~~
‘ ‘

~~~~~



while the time required using conventional ultrasonic
equipment is over four hours . The one hour required
with the computer-automated system included the complete
calibration and setup time .

4.5 F-ill A LUMINUM FORGING

A F-ill landing gear fitting aluminum forging was
selected to demonstrate the capability of the system to
inspec t moderately complex forgings. The portion of the
forging that was used is shown in Figure 52. The size ,
location, and orientation of FBH are also shown in Figure
52. The forging was scanned at 6 inches per second and
the disp lay of the near real-time inspection is shown in
Figure 53. The result was obtained by scanning from the
top surface of the forging with no attempts to follow the
small radii. Most of the flaw indications shown in Figure
53 are the results of recording BSRs as flaws after the
loss of BSR around the radii. Figure 54 is a post in—
spec-tion disp lay with spatial filtering . In this disp lay ,
all flaw indications or signals originating from the forging
tnat is between I to 1.20 inch , between 2.1 to 2.3 inches ,

V and below 2.4 inches from the top surface of the forging
are removed. Figure 55 is a post inspection display of the
orging with all flaw indications between 0.7 to 0.85 inch

and below 1.45 inch from the top surface filtered . But
all indications containing a BSR , even if they are within
the filtered region , are included in this disp lay. These
two filtering schemes detected all FBHs , even those drilled
at an angle of 300 off normal and located in a radius.

If the fina l dimensions of a comp lex forging are
known , a filtering scheme can probably b~ designed to remove
all flaw indicati~ . s outside the final dimensions of the
forging .

4.6 VECTOR DRIVE

A contour following scheme called Vector I)~~ive was
deve loped to inspect  a specimen such as the one shown in
Fi~ ure 56 which contains a v e r t i c a l  sec tion  and s t i l l
mainta ins  no rmalcy.  The e t her  schemes cannot  scan up
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the (90°) ver t ica l  sect ion . In the Vector  Drive scheme ,
the computer is preprogrammed to drive the transducer by
a selec ted distance (0.1, 0.25 inch , etc.) in a selected
direction. Then , the top surface reflection at this
vector point is maximized and the DOS corrected to the
prese t value . Data will be taken at each vector point
and between vector points as well , even though the sound
beam might be slightly off normal. Theoretically, the
sound beam will not be very far off normal if the step
taken is small enough.

The specimen shown in Figure 57 was scanned success-
fully with this scheme. The speed in scanning this or
any other test specimen depends on the size of the step
taken.

4.7 VARIABLE TILT-MULTIPLE SCAN INSPECTION OF A
DIFFUS ION BONDED TITANIUM ALLOY STRUCTURE

The CAUIS system was used to evaluate a rib-stiffened
section of a large diffusion bonded structure during the
performance of Contract  F336l5-72-l705 ‘1Nondestruc t ive
Testing of Diffusion Bonded Titanium Alloys for Eng ine and
Airframe Components , reported in AFML-TR-74-2l5.ll

The diffusion bonded part contained displaced and
angularized bond planes as a result of the bonding process.
Orientation of the part with respect to the scan axis and
the position of the reference flat bottom holes are shown
in Figure 58.

Inspection was carried out at 10 MHz using a Paname-
tries Model A3l1, 10/0.51 S/N 998 transducer (flat-faced).
The signal level was set at 307~ of screen saturation using
the maximized response from the inclined 5/64 FBH. This
maximized response occurred at a transducer tilt angle of
_80. This value agrees with Snell’s Law for a water-
titanium system and a reflecting surface within the titanium
whose normal is inclined at 300 to the vertical .

A pre liminary set of scans was macto over the reference
holes at tilt angles of -8° to +8° in 2° increments. The
hole indications were distinct and separate at 0 = _80, but
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Figure 57 Orientation of Diffusion Bonded Part with Respect
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they became less so at 9 ~60 (see Figure 58) . T I ?  fl- - -

depth data were called from the computer disc stor~t~ rile
to i n t e r p r e t  t h -  indicat ions  at 0 = _ 6 0 .

Table 2 p r e s e n t s  these data which indicate t~~~t
signals from outside the FBH location were returned from
a depth cor responding  to the f i l l e t  radius b etween th - :
r ib  and p late . This abi l i ty  to d i sc r iminat e  be tween
legitimate and extraneous indications based on the da~a
in disk memory is clearly a valuable feature of the AFML
Computer-Automated Inspection System .

The scan records at _ 2 0 and 00 (Figure 59) indicate
the presence  of the 3/64- inch diameter  d r i l l ed  hole between
the two f l a t -bo t t om holes which do nor appear .  This re-
emphasizes  tha t convent ional  C-scan (9 00) is inadequate
fo r  inspect ing displaced and angular ized bond p lanes.

The remaining scans from +20 to +80 contained no re-
levant indicat ions  and are  not inc luded for  b rev i ty .

Inspec tion of the entire rib-stiffened section was
done at (a) t i l t  ang les of _ 80 to +8° in 20 increments , 00
ro t a t e  angle , i . e . ,  the t ransducer  t i l ted  about the scanner
X-axis  and (b) t i l t  angles of -8° to +8° in 2° increments ,
-90~ rota te  angle , i . e . ,  the t ransducer  t i l ted about the
scanner Y-axis .  This is equivalent to a 17-transducer
a r r a y .

Selected scan records are given in Figure 58 through
62. As before , the _80 tilt , 00 rotate  record  shows the
reference holes, while the 00 tilt record does not.

The above evaluation was carr ied out p r io r  to the
availability of the software filtering routines described
in paragraph 3.10.4. Therefore, operator interpretation of
the scan records for defect verification was accomplished
by (1) spatial discrimination in the X-Y p lane, (2) flaw
depth vs. part thickness , and (3) frequency of occurrence
as a function of tilt angle.

While this ~iiterpretation and consequent sectioning of
the diffusion bonded component resulted in the verification
of two anomalies , the value of software fi1t~~ring is ~b i on s .
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TA BLE 2

Ref lec tion  Mode Data Repor t

REFLECTION MODE DATA REPORT 18-JJH-74 10 29:5? PAGE 3

X Z ROTATE TILT THICI( FU-l OP FLU AN
2.89 2.50 0.03 0.0 —5.8 19 54 0.44 4035
289 2.50 6.C3 0.0 —58 19.51 0.43
2.89 2.50 0.C3 0.0 —5 .8 19.53 0.43
2.89 2.51 0.C0 0.0 -5.8 19.51 0.43 4:35
2.89 2.51 0.C3 0.0 —5.8 19.50 0.43 4::8
2.89 251 0.C3 0.0 —5.8 19-93 043 492
2.89 2.51 8.C3 00 -5.8 19.51 0.43 459
2.89 2.51 O C O  0.8 —5.8 19.93 0.43
2.89 2.52 O.C3 0.0 —5.8 19.53 0.43 4036
289 2.52 O .Ca 0.0 —5.8 19.68 0.43 4014
2.89 2.52 0.C3 0.0 —5.8 19.93 0.42 3937
2.89 2.52 0.C3 0.0 —5.0 19.53 0.42 3938
2.89 2.~ 2 0.C~ 0.0 —5.8 19.53 0.43 3917
2.89 2.53 0.C3 0.0 —5 .8 19 91 0.43
2.89 2.53 0.63 8.0 —5.8 19.51 1.42
2.89 2.53 0.C3 0.0 -5.8 19.51 0.41 3776
2.89 2.53 0.C3 0.0 —5.8 19.92 0.41 3731
3.29 2.49 0,C3 0.0 —5.8 19 51 0.59
3.29 2.49 0.63 0.8 —5.8 19.70 0.59 3730
3.29 2.49 0.63 0.0 -5.8 19.58 0.59 3746
3.29 2.49 0.CD 0.0 —5 .8 19.52 O .~39 3760
3.29 2.53 0.63 0.0 -5.8 19.52 0.59 3778
3.29 2.53 0.C3 0.0 —5 .8 19.66 0.60 3791
3.29 2.53 0.63 0.0 —5.8 19.93 0.68 3796
3.29 2.!3 0.63 0.0 -5.8 19.51 0.59 3800
3.29 2.50 0.63 0.0 — 58 19.52 0.59 ~~273.29 2.51 0.CO 0.0 -5.8 19.53 0.59 3320
3.29 2.51 8.63 0.0 -5.8 19.66 0.59 3S26
3.29 2.51 0.63 0.0 —5.8 19.95 0.59 3523
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S E C T I O N  V

C O N C L U S  I O N S  A N D  R E C O M M E N D A T I O N S

At the completion of this 33 month contract , the
following conclusions are made :

1. A computer automated ultrasonic inspection system using
off the shelf ultrasonic , electronics , and computer com-
ponents has been designed , built , and made operable .

2. The system operates primarily in the reflected compres-
sional and shear mode , but it is capable of operating in
the Delta Scan mode.

3. The system can be operated manually, by console contro l,
or by total closed loop computer control of the five
axes: X, Y, Z, 0, and ~~~. It can scan at speeds up to
10 inches per second on flat parts. The system also
controls the speed of the scan.

4. The system has successfully inspected an aircraft jet
engine disk (sonic shape) and achieved a greater than
fifty percent saving in inspection and calibration
time. It has inspected typical airframe forgings which
cannot and are not being inspected by conventional
ultrasonic inspection . It has successfully inspected a
comp lex diffusion bonded aircraft structure .

5. The system has inspected structura l components with
curved near and far surfaces , radii from 0.75 inch
and larger , holes in near and far surfaces , and through
holes.

6. The system automatically adjusts the db setting during
the calibration phase to compensate for transducer and
equipment variation.

7. The system has digitized RF waveforms and performed
Fourier transforms.
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8. The system has and can remove flaw indications from out-side of the final or net shaped structura l component byperfo rming a series of logic and spatial filtering rou-
tines. Blind zones caused by step discontinuitjes can bereduced by the multiple flaw gate.

9. Defect indications are presented in a conventional
C-scan display on a storage scope (Grap hic Terminal) .

10. Post inspection analysis inc lude the following capa-
bil i t ies .

Amplitude discrimination of defect data provides a
very effective and expedient aid in the acceptance
or rejection decision.

• Defect indications can be displayed as an isometric
p lot of defect  amp litude on the X and Y axes.

• Areas with defect indications are searched with the
defect homing routine to obtain the coordinates
(X, Y, Z, 9, and 

~ ) which yield the largest ultra-
sonic amplitude to determine defect orientation
and detect randomly oriented defects.

• Areas with defect indications can be expanded to
give a more detailed view of the defect cross-
section.

11. The system records inspection results permanently
on magnetic disk. The results  can be recalled in
near real time.

12. The system reduces , but does not remove , operator
interpretation on potentially rejec table flaws and
operator involvement with the overall inspection re-
quirements.

13. A computer automated ultrasonic inspection system is
feasible and reliable. During the 19 months in which
the computer was in operation , it failed to opera te
on six occasions . The computer required outside
services on only two of these, occasions. The otber
occasions , it was repaired by in-house electronic
personnel
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The following areas of further improvements and develop-
ments are recommended .

1. A large amount of u l t r a son ic  data are being collected
and available. More and better software logic , signal
processing schemes , and spatial  f i l t e r i n g  schemes need
to be developed to produce a clear and ambiguous
presentation of results.

2. A contour following scheme which can rapidly and reliably,
follow and inspect radii between 1/8 to 3/4 inch must be
developed .

3. Software and hardware schemes need to be deve loped and
made operable with conventional off-the-shelf ultrasonic
equipment to reduce the top surface enve lope to approxi-
mately 0.05 inch.

4. A scheme to identify the radius of curvatures and correct
for  their e f f e c t s  on the focusing and defocus ing of
ul t rason ic  sound beams and energy dens i ty  should be
developed.

5. The ultrasonic transduc er housing ass embly must be
miniaturized so that it can be inserted into small
pockets (2-3 inches in diameter) and inspect for defects
in these pockets.

6. Software schemes need to be developed to reconstruc t the
image of the defect when the defect can be illuminated
from several directions , such as the flaw homing routine ,

— 7. The capability of the system to inspect actual comp lex
aircra ft s truc tures reliably and cost effectively needs
to be evaluated.

8. Signal processing schemes for defect dimension determ i-
nation need to be implemented as they become available.

9. The calibration and set up procedure and operator-system
interface need to be streamline d and simp lif ied for
potential reduction to production practice.
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10. For a given inspection , a great deal of data are
recorded and stored. Software schemes need to be
developed to compact or reduce the amount of data
necessary to have complete inspection documentation.

11. Many of the capabilities described in the conclusion
have been demonstrated on an individual basis. These
capabilities need to be combined and integrated into a
single master program that possesses as many of the
individual capabilities as possible or necessary.

I
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A P P E N D I X  A

U L T R A S O N I C S  I N S T R U M E N T A T I O N

A N D

I N T E R F A C I N G

A certain amount of signal conditioning , synchroni-
za~ ion, and chronometry are necessary to prepare the data
for computer interfacing. A description of the interface
and associated circuitry follows. The system block diagram
is shown in Figure 2. The system will operate in three
modes of inspection : reflection , Delta-Scan , and shear-
wave. However , most of the effort has been devoted to the
reflection mode of operation.

A.l REFLECTION NODE

In this mode , the receiver video output is fed to
linear gates A and B, and to logic gate C. A diagram for
identifying signal abbreviations is shown in Figure 63.

A.l.1 Front Surface

The front surface reflection is isolated by gate A
which is a fast linear gate with front panel controls for
delay and width. During calibration , the operator will
set this gate to span the front surface reflection. The
timing diagram for the reflection mode is shown in Figure
64. This gate generates a synchronization pulse (IF)
whenever the first echo after the transmission pulse
exceeds a preset threshold . This pulse corresponds to
the front surface and will be used to start both the flaw-
depth and thickness timers , each of which , in turn , enables
a binary counter to start counting the pulses of 10-MHz
clock. The gate contains a peak detector whose output
remains at the peak level of the previous cycle until it
is updated at a time approximately 30 microsiconds fo l l ow i ng
the gate. The peak detector output is used to monitor th~
transducer coupling efficiency, and if the peak d tecto r
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Figure 63 Identi fication of Signal Abbreviations
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output drops below a predetermined threshold , an alarm pulse
will be generated. The alarm , in turn , generates a flag to
alert the computer that transducer coupling is insufficient .

A.l.2 Flaw Area

The area unde r inspec tion for flaws is isolated b y
gate B which is a fast  linear gate of the same typ e as
gate A. During calibration , the operator will set this
gate to span the area between the front and back surface
reflections . An alarm will alert the computer if any
signal exceeds a predetermined threshold , and the peak
detector output will be proportional to the size of the
flaw . When this threshold is exceeded , the gated video
output will stop the flaw-depth timer , and the flaw-depth
counter will contain a number proportional to the flaw
depth. During inspection, the computer will automati-
cally adjust the width of gate B to compensate for changes
in specimen thickness. This is accomp lished by app lying
the output of a D/A converter to a voltage contro l, mono-
stable timer in the gate.

A.l.3 Back Surface

The back surface reflection is isolated by gate C
which is a logic gate of constant width . This gate is
started automatically when gate B turns off. The gate
will have a pulse output when the video exceeds a pre-
determined threshold. This video signal will stop the
thickness timer , and the thickness counter will contain
a number proportional to the specimen thickness.

A.2 DELTA-SCAN MODE

Since the Delta-Scan mode of operation does not
lend itself directly to measuring specimen thickness
nor to monitoring coup ling efficiency, these functions
must be performed by the reflection method . It is ,
theref ore , necessary to conduct reflection mode and
Delta-Scan mode simultaneously by alternating pulses for
each mode . If the period of the pulse repetition rate is
T, then the reflection mode transducer is pulsed at t =
and the Delta-Scan mode is pulsed at t = T/2. Two separate
ultrasonic pulsers are required to accomp lish this means.
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However , the r e f l e c t i o n  mode r et u r n s  a much s t r o n g e r
echo than does the Delta-Scan mode , and it will be
necessary to pulse the reflection mode with less energy
since both signals are processed by a common receiver.
Experimentation will yield an optimum energy ratio of
the two pulses. The timing diagram for the Delta-Scan
mode of operation is shown in Figure 65. The receiver
video output  is fed to gates  A , B , C , D, and E. The
received RF output is fed to the RF amp l i f i e r  and recti-
f i e r .

A.2.l Front Surface

The front surface reflection is isolated by gate A
and its operation is identical to that described in
Section A.l.l.

A .2.2 Back Surface

The back surface re f lec t ion  is isolated b y gate C
and its operation is identical to that outlined in A.l.3.

A .2.3 Mode Separation

The Delta-Scan echo pattern is separated from the
reflection echo pattern by gate D. Thi s is a logic gate
which is preset by the operator to span all Delta-Scan
echoes. Screwdriver adjustments on the front panel allow
control of delay time from transmitter pulse and width of
the gate.

A .2.4 Shear Wave

The shear wave signa l in the Delta-Scan operation is
isolated by gate E and is set by the operator during
calibration . The alarm generates a flag to alert the
computer that a flaw is present , and the relative size of
the flaw is proportional to the peak detector output.

A .2.5 Specimen Thickness

The thickness timer functions in the same manner as
outlined in the reflection mode discussion.
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A . 2 . 6  Pulse Counte r s

The ou tpu t  of the RF a m p l i f i e r  and r e c t i f i e r  is a
t r a i n  of b 1 f -wave  r e c t i f i e d  RF pu l se s  of va r ious  amp li-
tudes .  T - - s pulse  t r a i n  is fed to four  leve l  discr imi-
n a t o r s , ca c h  of which  is biased to pass onl y t hn s - p u l s n s
which  exceed i ts  input t h r e s h o l d . These inpu t  t h r - s h o l d s
w i l l  be four  d i scre te  va lues which  w i l l  be optimized
during the sy s t em tes t  p hase .  Each d i s c r i m i n a t o r  o ut p u t
is a t r a i n  of log ic p u l se s  which  are  fed to a b i n a ry
c o u n t e r .  These b i n a r y  coun t e r s  are  ga ted  en and o f f  h~’
the ou t p u t  ef  ga te  D; t her e f o r e , onl y the De l t a-Scan  echees
are counted .

A • 3  ULTRASONIC EQUIPI€NT AND C0~~~0NENTS

The ultrasonic test unit which is an Automation
Industries Type UN 771 Ref l ec to scope  w i l l  be used fo r  t h i s
program . The system consists of the followiag units:

o UN 771 Disp lay Chassis
o 105 db Pulser/Receiver (two)
o Type AGIF Timer
o Distance-Amp litude-Compensation Unit (DAC)
o Dual Typ e H Transiga te
o Special-Function Chassis

General Dynamics purchased and received the system
outlined above in Febriarv 1973. A detailed check of the
system circuits was perfo rmed and the system found to
operate satisfactorily after some mcdi ficat ion . A phote-
grap h of the UN 771 Re f l ect o scope  and s pe c ia l - fu n c t in n
chass is  is shown in Fi gure

A . 3 . l UN 771 Disp lay C h a s s i s

This uni t  contains  the ca thode  ray tub e for  d isp la\ ’ ,
a l l  power supp lies fo r  the un i t , the t ime r module , and
p lug- in  compartments  fo r  the r e f le c t i o n  mode p u l s e r / r e c e iv -r
and the dua l typ e H t r a n s ig a t e .  ~\ l 1 thc~~ - c omponents  a re
es s e n t i a l l y  solid s t a t e . The t ime r mo dule  i n c l u d e s  a ~at-
u n i t  fo r  conve r t i ng  v ideo  si gnals  to a n a l n c ~ si~~na 1s and an
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a larm circuit . This gate will  be used for the Delta-Scan
shear wave gate. The disp lay chassis has been checked
and found to perform the intended functions. Some modi-
fications have been made to it for operating with the
automated test sys tem. These modifications are listed
below .

o Q203 has been removed to make the repetition
rate independent of the sweep delay and sweep
length.

o The gate disp lay signal line from the timer
module gate was disconnected from the gate
display amplifier and routed to the gate dis-
p lay switch added to the tiN 771 front panel.

o The gate delay multivibrator will be modified
to trigger at time T/2, then can be adjus ted
to coincide with the Delta-Scan shear wave
signal that follows the second pulser signal.

o Five switches have been added to the IJM 771
front panel to permit selection of the gates
to be disp layed . This is necessary dur ing
system setup to prevent e r ro rs  due to ga te
overlapp ing on the display .

A.3.2 Type lOS db Pulser/Receiver

Two of these units are on hand and have been tested
for  no rmal operation . One unit is used for  the r e f l ec t ion
mode pulser and the system receiver. The second unit will
be used as the Delta-Scan pulser; the receive r section will
be disconnected. It will p lug into the right-hand module
slot in the specia l - funct ion  chassis .

The first pulser/receiver has been modified as indi-
cated below .

o An emitter follower has been added to feed the
• RF signa l at the base of t rans iga te  Q308

through a 50-ohm coaxial cable to the RF
- 

-

~ amplifier in the Delta-Scan counting circuit.
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o The present attenuator in the pulser/receiver
wil l  be removed and coaxial connectors added
to connect the programmable attenuator in its
p lace. This wi l l  pe rmit computer control  of
the receive r gain .

A .3.3 Type ACIF Timer

This unit was described in Paragraph A.3 .l.

A.3.4 Distance Amplitude Compensation Unit (DAC)

This plug-in module has been received and tested. It
operates properly, except for a low-leve l approximately
25-MHz signal occurring on the blanking signal line during
t he time the CRT is blanket.  This does not interface with
normal operation of the system , but ma y inte rfere  wi th  the
computer automated mode of operation. This source of
oscillation will  be isolated and corrected .

A .3 .5  Dual Type H Transigate

This module was tested after receipt from the factory
and opera ted  proper l y. The unit will be used for the front
surface gate which provides the coupling efficienc y data ,
and the flaw gate which generates the flaw size analog
signal and the flaw flag . Several  modifica tions were re-
quired for proper operation in the computer automated mode .
These modifications are :

o Resistor R60 was changed to 1K ohm and diode
CR13 was changed to a 1N751 zener in both A
and B gates. This was required to provide a
+5-volt logic signal for the coupling and flaw
flags. Diodes CR5 and CR7 were jumpered . CR5
wa s disconnected from p in 3 of P1 and con-
nected to p in 4 of P 1. This sep arated the two
flags .

o The A and B gate display signals were separated
to permit selection of either or both gates by
the gate disp lay switches.
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o The B gate was changed to allow the flaw gate
signa l generated in the gate and logic module
to be used for flaw data processing . This
required removal of gate length multivibrator
IC-4. The flaw gate from the gate and logic
module was connected to pin 6 of P1, to pin  5
of P4 , to pin 6 of IC-4 socket , and the input
o f an inverting gate.  The output of the in-
verting gate connects to pin 1 of IC -4 socke t .

if The B gate start and length controls on its
f ron t  panel are no longer e f f e c t i v e . The
flaw ga te is star ted by the tra i l ing  edge of
the front surface gate and its length is de-
termined by the computer analog voltage or by
the manual 10-turn dial on the gate and logic
module .

o The lead from pin 5 of J3 was removed to dis-
able the I.F. (interface) sync pulse from gate
A. The I.F. sync pulse for the gate and logic
module is ob tained onl y from gate B’s t.F.
sync circuit.

A . 3 . 6  Special-Function Chassis

The special funct ion chassis houses the f ive modular
power sup p lies , the line drivers and line receivers , the
Dis tance Amp litude Compensation (DAC) module , the program-
mable attenuator module , the Gate and Logic module , and
the second pulser module . Fi gure 66 is a wir ing diagram o f
the chassis. The line drivers and receivers are to insure
that the signals from the ultrasonic unit are sufficient in
amplitude for computer processing .

A .3.7 Gate and Logic Module

The gate and logic module contains d ig i t a l  logic
circuits to perfo rm f u n c t i o n s  t ha t  could  not be done w i t h
the standard UN 771 equipment. A front panel view of the
module is shown in Figure 67 .
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I
A. 3. 7. l Gates C and D - -

These gates have been designed and built on a circuit
board which also inc ludes the flaw depth circuit , thickness
c i r cui t , and gat e disp lay drivers for gates C and D. Gate
C is a logic gate which isolates the back surface reflection
to generate a pulse to end the thickness counter gate . It
prevents other reflections from turning off the thickness
gate. Gate D is a logic gate which isolates the Delta-Scan
reflections from the other reflections . This gate enables
the four counters that count the Delta-Scan reflection half
cyc les. It prevents  the other  ref lec t ions  and t ransmi t ted
pulse from being coun ted by the Delta-Scan counters. Circuit
schematic of gate and logic module is shown in Figure 68.

A.3.7.2 RF Amp lifier , Rectifier , and Four Discriminators

These circuits provide the weighing factors on ampli-
tude for the RF oscillations that are counted by the Delta-
Scan counters , so the oscillatic~is with higher amplitudes
produce higher counts. The circuit board has been built
and tested using signals from the RF emitter follower in the
pulser/receiver unit and commercial digital counters. The
circuit board will be mounted in the same plug- in unit as
the gates C and D circuit board . Figure 69 is a schematic
of this circuit .

A.3.7.3 Flaw Depth Circuit

This circui t generates the gate pulse which enables
the flaw depth counter to count 10 megahertz clock pulses
for a time p roportional to the flaw depth. It is a flip-
flop which is turned on by the interface sync pulse from
the dua l t ransiga te uni t and is turned o f f  by the first
reflection pulse after the flaw gate is opened. A level
d i sc r imina to r  is inc luded to allow a d j u s t m e n t  of  the  re-
f lec t ion  amp l i tude which wi ll stop the flaw gate .  The
circuit , which has been wired and tested , is inc luded on
the circui t board wi th ga tes C and D , part of the gate
and logic module .

A. 3 .7.4 Thickness C i rcu i t

The thickness circuit is similar to the flaw depth
circuit. It is started by the interface sync pulse and is
turn ed o f f  by the first reflection pulse that occurs during
the far surface gate. A leve l discriminator is included te
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allow adjustment of the reflection amplitude which will
stop the thickness gate. The gate determines the number
of lO-MJ-Iz clock pulses that are counted by the thickness
counter. This number which is proportiona l to thickness
is us ed by the computer to adjust the Delta-Scan trans-
mitting transducer incidence angle. It is on the circuit
board w i t h  the f law depth circuit , C ga te , and D gate.

A . 3 . 8  Second (Delta-Scan) Pulser

This uni t is the pulser  port ion of a type lOS db
pulser/receiver. It is triggered b y a second puls er sync
signal which occurs ha l f -way  between two r e f l ec t ion  mode
pulses .  The second pulser  sync signal is ob tained f rom a
c i r cu i t  on the gate and logic circuit board which inverts
the main pulser  sync square wave. Removal of + and -12
vol ts  to the receiver  p o r t i o n  of this unit disables it.

A.3.9 Programmable Attenuator

This uni t is used to rep lace the manual step attenu-
ator in the ultrasonic pulser/receiver. It is programme d
by the compu te r to produc e a pr edetermined flaw amp litude
when the transducer is located on a specimen with a standard
flaw . Front pane l controls permit manual setting of attenu-
ation . The unit consists of Hewlett-Packard Type 355E and T~~ v
355F progra mmable attenua tors , digital code converters ,
and solenoid d r ive r s .  Two code conver t e r s  and d r i v e r  c i r c u i t
boards , one for  the lO-db per step attenuator and one for
the l-db per  step attenuator , have been designed and built.
A l l  components of this  unit except the 24-vol t  solenoid
power supp ly are mounted in a re flec toscope  p lug- in  module
which p lug s into the spec ia l - func t ion  chass is .  The 24 -vo l t
solenoid power supply is mounted in the spec ia l - func t ion
chassis. The unit is digitally programmabl e in 1 db stops
from 0 to 99 db . Only appr oxima tely 66 db are usable because~in terna l signa l coup ling in the receive r between preamp lifier
and amp lifier is of this order. Figur e 70 is a wi r ing
schematic of this unit and Figur e 71 is a sch ematic of the
decoder/driver circuit boards .
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A.3.10 1O-MH~ Clock Pulse Generator
and B ina ry  Coun te r s

The clock pulse  g e ner a t o r  is a Di g i tal  Equipment Corp .
f l i p - f l o p  c i r cu i t  board which p lugs into the compute r.  It
supplies 10-MHz pulses  to the f l a w - d e p t h  counte r , s epa ra t i on -
dis tance counter , and th i ck nn s s  counter. This circuit board
has been received and t e s t e d.

The special count ing iHp u t /ou t p u t  c i r c u i t s  are made
up of Dig i t a l  Equi pment  Corp . f l i p - c h ip c i r c u i t  boards
and p lug into the compute r.  One is used for  count ing  f law -
depth pulses , one for thickness pulses , one for separation
dis tance  pulses , and four  count the De l ta -Scan  RF osc i l l a t ions
from the four  amp l i tude d i s c r i m i n a t o r s .  These c i rcu i t  boards
have been received and w i l l  be installed when the line drivers
and line rece ivers  are  ins ta l led  in the computer. The line
dr ive r s  and line receivers  are requi red  to t ransmi t  the f a s t
pulses between the ultrasonic unit and the computer.

A . 3 . 11 Line Dr ivers  and Line Receivers

Two l ine -dr iver  c i r cu i t  boards w i t h  10 line dr ivers  on
each board are mounted in the spec ia l - func t ion  chassis  to
t ransmit  fas t  d ig i ta l  signals to the computer  w i thou t  loss
of response speed . These are  Digital  Equi pment Corpo ra t i on
Type Y09 1. One l ine- rece iver  c i rcu i t  board w i t h  10 line
rece ivers  is also inc luded to receive eight  bi ts  of program-
mable attenuator digital data from the computer. This is a
DEC Type Y090.

A .3 . l2 Step less RF Gate

A gated RF amp l i f i - r  c i r cu i t  has been designed , bui l t
and added to the ga t e  and log ic module . It was designed to
pass  only se lec t e d  fl I r t  ions of an u l t r a s o n i c  signal w i t h
m inimum “step ” sic~ als at the  beg inn ing  and end of the ga te .
I ts  ou tpu t  is t h 1  ~F -ny c  lope  of the  gated p or t i o n  and is
used for  spectr i rn-i a n a ly s i s  for  f law p a t t e r n  r e c o g n i t i o n.
The c i r c u i t  is p r - s - n t  lv enabled by ga te  A ( ‘ f  the  svs t~ i~i.
It wi l l  p r o b a b ly  c o n t a i n  i t s  own STA RT and WI l)TH con t r o l s
as the t e c h n i q u e  is  improved and i n c o r p o r a t e d  in to  the
au toma t i c  s y s t e m . A c i r c u i t  schemat ic  of the s t epl e ss
ga te  i s  shown in Figure 7 2 .
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A . 4  MULTIPLE FLAW DETECTION

A method of detecting multip le flaws at one location
has been designed using the multiple flaw gate approach .
Computer sof tware is used to determ ine which is the back
surfa ce and which ar e the flaw signals. Software also
de term ines if the signals are multip le ref lec tions ins tead
of additional flaws. If distance of separation is 3 inches ,
multip le reflection between the transducer and top surface
wi l l  be fur the r out in time than any flaw signal within 12
inches of metal and w i l l  h e ga ted ou t . Figure 73 is a block
diagram of the logic circuits and Figure 74 is the timing
diagram for the multi-gate system.

A.4.1 Quad Transigate Type H

A quad Type H transigate on loan from AFML is being
used for (a) top surface gate , (b) first flaw gate (this
is the back surface if no flaws are present), (c) second
flaw ga te , and (3) third flaw gate. If no f law is pres ent ,
the sLcond flaw gate will read the back surface reflection
and computer logic by interrogating the states of the three
binary counters will so indicate . If two flaw s are present ,
the third flaw ga te w ill read the back su r face  and comp u ter
logic will so indicate.

The above transigates hav e their  START and LENGTH
cont ro l s  disabled and are t imed b y decoding logic c i r c u i t s
on the ou tputs  of a t h r e e - s t a g e  b inary  coun te r  w h i c h  is
t r igge red  by the trailing-ed ge of the squared video pulses.
The video pulses are squared b y a comparator  which is biased
to pass al l  video signals above a pre-detcrmined level.

The f i r s t  gate  is s t a r t e d  a f t e r  a fixed delay
fo l lowing  T0 (Ear l y Syn c)  s u f f i c i e n t  to m iss the trans-
mitted pulse and ringing therefrom . The first gate is
termination by the trailing-ed ge of the top surface
reflection. The second gate is started by t he  termi-
nation of the first gate and is terminated by the trailing-
edge of the next video poise . Th - third gate is st ar ted
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by the termination of the second gate and is terminated
by the trailing edge of the next video pulse. The
fourth ga te is star ted by the termination of the third
ga te and is termina ted by the trailing edge of the next
video pulse which occurs after the gate has been started .

Two types of uncertainty or instability exist in the
multiple flaw detection circuits as they are at present .
One of these is caused by a top surface signal which has
more than one peak with a deep valley between them . The
first peak generates a top surface gate and the second
peak generates a first flaw gate and first flaw depth
signal. The solution to this will have to be elimination
of the multip le peaks in the transmitted signal. Wide -
band transducers with a normal pulse should eli m inate
this problem . The second problem is that the flaw gates
are generated by logic circuits decoding the condition of
the counter f l i p - f lops  while the flaw depth gates are
genera ted by separate flip-flops. Some small signals may
change the state of the counter  f l i p - f l ops  and not change
the state of the flaw depth flip-flop . This results in
flaw amplitudes fed to the computer not corresponding to
the correct flaw depth fed to the computer . This w i l l  be
corrected by adding a comparator following the comparator
that is used as a level detector.

A.4.2 Multip le Flaw Gate and Logic Module

Four bi-stable multivibrators (FFs) are used with
logic circuits to generate gates proportional to (a) sepa-
ra tion dis tance , (b) first flaw depth or thickness , (c)
second flaw depth or thickness and (d) third flaw depth or
thickaess. Each of the flaw gates are fed to the computer
v i a  line d r i v e r  - line receivers to gate the 10 MHz counters
that give numbers for the above distance (depth or thickness).
The condition of the gate binary counter indicates the number
of gates tripped .

A.4.3 Dual Counter

Two dual counter units are available in the computer
for reflection mode : (a) the separation distanc e counter ,
(b) the flaw depth counter , (c) the  th ickness  coun te r , and
(d) a spare. Those four counters can be used as d e s c r i b e d
above for the multip le flaw system .
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A.4.4 Analog and Flag Circuits

Analog data from the four transigates and flag data
is ob tained f r om the same transi ga tes alarm cir cui t ry as
described for  the re f l ec t ion  mode .
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A P P E N D I X  B

T H E  S C A N N E R  S Y S T E M

This Section describes the X, Y, Z, 0 and q axes
scanner and control system as designed and built to
scan comp lex shape of aircraft forgings.

B.1 X-Y SCANNER

The general configuration of the scanne r is shown in
Figure 5. It will scan in either the X or Y axis and
index in the othe r axis. The unit was assembled primarily
from purchased pa r t s , but some pa r t s  were made by the
Tooling Department and all assembly work was done by
the Tooling Department .

The scanner frame is constructed from aluminum U
channel and bolted to the top of the tank. The X-axis
ways consist of 1.0 inch-diameter steel shafts and support
block made by Berg Inc . Four ball bearing support brackets
ca r ry  the bridge. These are to be fastened to two aluminum
blocks that carry two 1.0 inch ground rods that support the
Y-axis movement (platform).

Two drive motors  and gearboxes are posi t ioned on the
support frame and drive the bridge and p l a t fo rm throug h
three Sets of POW-R--TOW cablo chains. Two sets of chains ,
one on each side of the bridge , are driven from a common
line shaft to reduce the bending movement on the bridge.
One long chain is wound around in the pattern shown in
Figure 5 to drive the p l a t fo rm . As the br id ge moves , the
p latform stays in the same relative position with respect
to Y movement.

The cable chains are constructed from cables with poly-
urethane rollers combined to fo rm strong , f l ex ib le , qu ie t ,
lube-free drive . The corrosion-proof cable cha in  g ives
minimum backlash.
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B . l .i X and Y Axes  D r i v e  Motors

Separate stepp ing motors with 240 inch ounces of
torque drive the transducer carriage in the X and Y axes.
These motors  are manufactured by Sigma Instruments , Inc .
and are  Model €041 B w i th  dual s h a f t s .  These moto r s
step from 10 t~~’ 6000 steps per second and each step moves
the t r ansduce r  car r iage  0.001 inch in the h a l f - s t e p  mode
and 0.002 inch in the full-step mode . The primary mode
of motor operation is the half-step mode and an internal
contro l switch must be m oved to set the f-ill-step mode .
The half-step motor mode is used t o  reduce motor oscil-
lations at less than 1 I~ 1z stepp ing rate. These oscil-
lations are standard with all stepp ing mot (Irs operating
in the full-step mode .

Each motor drives through ~ 15 :1 gear reducer which
gives an available output t o r q u e  f r o m  the reducer of
(15 x 240 inch ounces) 3600 i n c h  ounces at the slower
stepp ing rates . The available torque d (-creases at the
higher stepping rates.

B.1.2 X and Y Axes Meter Controls

Each motor has a separate control ler which was
purchased from Summit Engineering Corporation . Each
con t rol le r , which is called a preset control unit Model
8l5lC , is desi gned to fill the need for an electronic
control which (from a thumnhwheel or computer input command)
outputs the programmed number of pulses and direction
command to the stepp ing motor drive. These output puls es
are automatically accelerated and decelerated by the setting
of interna l potentiometers. The maximum output pulse rate
(speed) is adjustable up to 6000 steps per second by an
internal adjustment. Once the maximum output pulse rat c
is set internally ,  the pulse rate can he externall y varied
or set with a front panel control which in this case is
three thumbwheel switches that can be adjusted from 10 to
6000 steps per second. The length ( I f  t r a V 4~ 1 of the trans-
ducer  in e i the r axis  is c o n t r o l l e d  b y t h e  number  ( I f  program-
med output  p u l s e s  t h a t  are  p r e set  in to  the  thumbwh et ’l
s w i t c h e s .  Each pu l se  gives  0. 001 inch  of t r a n s d u cer  ~~4 y( ~
mont  • If +69.999 is preset on the “X ” cent r o l l e r  and the
“in it ia te ” b u t t o n  p u s h e d , t he coOt r 11cr o u t p u t s  69 ,999
p u l se s  and a c l o c k w i s e  command t the ‘‘ X ” stepp ing rrioter .
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The motor moves the transducer 69.999 inches in a clock-
wise or positive direction and stops. These output
pulses are automatically accelerated and decelerated by
inte rna l cir cui try and these “ramps ” are adjustable.

The following controls are available on the front
panel of each preset controller .

1. Thumbwheel speed control (3-digit), 10 to 6000
steps per second

2. Power switch

3. Preset pulse controls (limits) (5 digits and a
sign) +00.000 to 

~~~~~~ 
inches

4. Initiate button ( s t a r t  pulse output to mo to r )

5. Cycle ( s t a r t  sequence of events  which  typ i-
cal ly inc ludes externa l d i r e ct i o n  cont ro l and
the thunibwheel setting)

6. Job (when pushed momentarily ,  the unit will
output one pulse to the motor  d r i v e .  When
the button is held down , the t r ansduce r
carriage will move until the button is released
or the limit is reached).

7. Reset (used as a stop button , it will reset
the counters and stop the pulse output)

B.l.3 Control Panel for X and Y Motors

A third chassis to control the interactions required
between the X and Y controllers and motors was designed
and built. This is the primary control unit for the X and
Y axes.

This contro l system has three modes of operation :
manual , au to , and compute. The function of each mo de is
described on the following page.
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Manual Mode

Each of the preset indexers operate from its own
individual control chassis when the primary controller
is in the “Manual” mode.

Auto Mode

Select scan X , index Y, and place the mode switch
on the “Au to” position . Press “GO” button and the X motor
will run to its preset limit or manual limit and stop . The
Y motor then indexes to its preset limit and stops , whereby
the X motor then reverses direc tion and runs back to its
original zero position . This can , index motion shall con-
tinue until a “STOP” button is pushed on the control panel
or until a mechanical limit nwitch is closed . The motors
will then stop until the op€ rator initiates a new scan or
the index direction can be reversed and the cycle continues
back over its original p~’tn .

If the scan Y, index X is selec ted , then the motors
should scan Y and index in X in the same manner as descr ibed
in the previous paragraph .

Th e speed cont rols on each pr eset ind exer for  each
moto r is se t manually when in the manua l or auto mode .

Computer Mode

Place the mode switch in compute and select eithe r
scan X , index Y, or scan Y, index X. The scan limit is
set with the thumbwheel switches for the scan axis and the
desired amount of index is set with the thumbwheel switches
for the index axis. When “GO” button is pushed and the
transducer carriage will scan the selected axis and stop at
the preset limit. The rate of scan in this computer mode
is determined either by the operator or from the computer.
A +5-volt logic signa l from the computer then tel is the
scanner to index its preset amount and stop , after which the
scan motor will reverse directions , scan hack to  zero po-
s i t ion , and stop . Upon recei pt  of a +5-vol t  log ic s i g n a l
from the computer , the index motor will index its preset
amount ; then , the scan motor will reverse and scan hack to
its preset limit or number .  This cy c l e  con t i n u e s  u n t i l  the
“STOP ” h u t t on  is pushed or a mechanica l limit is closed in
the index d i r e c t i o n .
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B.1.4 Encoders and Disp lays for X and Y Axes

A Data Tuch heavy-duty industrial encoder that
operates in the i n c r e m e n t a l  mode is geared to the d r i v e
chains er both  the  X and Y axes. These encoders are
geared in such a manner tha t  for  each 0.010 inch of  t rans-
ducer  c a r r i a g e  movement , one pulse  is sent to the  up - down
c o u n ter .  Th i s  r o t a ry  mo t ion  tha t  occurs  in the encoder is
d i g i t  ized into high-level square waves in quadrature , and
these  quadrature square waves are fed to a dig ital disp lay.

The dua l disp lay is a Summit E n g i nee r i n g  Mode l 8102 B
and each of t he  channels  con ta in s  a b i - d i r e c t i o n a l  counter
and disp lay designe d to  be used with an encoder operating
f r  c u  numer ica l  con t ro l sys t em . The power  supp ly for  the
enc oder  is contained in this disp lay chassis. This dis-
p lay  c o n t i n u o u s ly m o n i t o r s  and transducer position in both
t h e  X and Y axes and disp lays it in four  d ig i t s  of p o s i t i o n
information to the nearest 0.010 inch , i . e . ,  if the trans-
ducer had moved 36 inches in the Y axis , the d i sp lay  would
read +036.00 inches. A master zero b u t t o n  i s  ava i lab le
So t h a t the d isp lays can he .-~c-ro ed at any ze ro  r e fer e n c e
p01 l it .

CoonS ~tors on the rear of the disp lay chassis contain
BCD log ic in fo rmat ion tha t  w i l l  he led to the computer So
that the position o the transducer can be tmtoiiitored con-
tinuousl y by the computer .

B.l.5 Z Axis  D r i v e  and Control

The v e r t i c a l  movement of the  t r a n s d u c e r  is c o n t r o l l e d
b y a ok s tepp ing mo to r  w i t h  250 inch  oun ces  4 ) 1  t o r q u e  geared
to the vertical tube through a 21 .6:1 gear  reducer to give
a rated torque of 2000 inch ounces  at the gear t ha t  d r ives
the transducer tube . Each pu ls e -  to the  st i-pp i i m o t o r  niove S
the ’  t r a n s d u c e r  tube up or down 0.00 1 i n c h .  The vertical tube
moves 30.240 inches  ins I ole t h e  t a n k .

The transducer can he moved ye r t  I c a l i v  , e ii her up or
down b y set  t ing  t h iuribwhee i sw I t i -h i- s  b et w ee n  (II) .000 and 30 . :~ ~ 0
inches  and pushing T” Ia ty an(l s ta r t b u t t O I l  Of l  t he’ ( 1) I l t  r( ‘1
pane - I . The t r a n s d u c e r  t h e n  move’s t o  t l i  i ~ p r e s I  - I j )OS it lo l l
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and stops. Ramp up and ramp down cir cui ts ar e ins talled
t:o prohibit abrup t starts and stops. The maximum speed
can be adjusted by setting an internal potentiometer.
The speed may then be varied externally with a knob on the
control chassis up to the maximum internal speed adjust-
ment . A jog switch also moves the transducer eithe r one
step or continuously at a slow rate either up or down .

A r o t a ry  incrementa l  encoder is a t t ached  to the s h a f t
of the gear that drives the vertical Z tube . This gear
moves the vertical Z tube +4.320 inches per gear revolution .
The encoder attached to this shaft outputs 432 pulses for
each shaf t  revolut ion . The re fo re , the encoder  disp lay
reads direc tly in 0.010 inch increments and disp lays from
+00.000 to ±30.24 inches .  The disp lay is iden t i ca l  to the
disp lays used for the X and Y position info rmation.

B. l .6 T i l t  (0) Axis Drive and Control

The t i l t  moto r  and con t ro l s  move the t r a n s d u c e r
through 180 degrees of movement. A dc stepp ing motor with
50 inch ounces of torque rotates a rod inside- the vertical
mani p u l a t o r  tube and the rod is geared to the transducc-r.
The motor and encoder are mounted on a casting at the top
of the manipulator and the motor is geared to the rod
through a clu tch , pulley, and timing belt. There is an
8.8 :1 gear reduc t ion  between the mo to r  and the transducer
and each pulse to the stepp ing motor moves the transducer
0~ 200. Therefore , 880 motor pulses are required to move
the transducer through 1800. The speed of transducer
movement is variable from 2 to 450 seconds and the maximum
spe ed is onl y limited by the mechanical linkage.

B.l.7 Rotate (
~

) Axis and Control
The ro t a t e  motor and controls move the transducer

thr ough ±1800 of movement in a horizontal manner. A dc
s tepp ing moto r  w i t h  50 inch ounces of torque rotates the
vertical tube to which the transducers are attached . This
motor is mounted on top of the manipulator and is geared
to the vertical tube through a clutch and belt drive . There
is a 4 :1  gear reduction from the Stepp ing motor gear and
clutch to the’ g e a r  around the’ ‘-er t i cal  tube . The’ s tepp ing
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motor makes two revolutions while the transducer rotates
180°. The stepping motor receives 400 pulses for the two
revolutions. The angular movement of the transducer per
stepping motor pulse is the re fore  0.450 . The rate or
speed of the stepping motor is adjustable from 10 to 1000
steps per second. Therefore , the minimum speed of the
t ransducer  in angular movement is 4 q 5 0  seconds and the
maximum speed is onl y limited by the mechanical linkage.

An incremental rotary encoder is geared through a
rubber timing belt to a large gear around the vertical
tube . The gear relationship between the vertical tube
and the shaft encoder is an 8:1 increase. The encoder
turns four times while the vertical tube and transducer
move 1800. The encloder has an output of 450 quadrature
pulses per revo lution for a to ta l  output  of 1800 pulses
while the transducer moves the 1800. These pulses will
be disp layed on a 4-digit visual disp lay that reads from
000.0 to 180.00 with an accuracy of ±.10.

B.2 NORNA LCY CONTROL CIRCUITS

The normalcy contro l citcuits for tilt and rotation
as shown in the first annual report were built and tested.
The tests indicated two major faults with the circuits
which made redesign a necessity. One fault was that the
one shot mul t iv ibra tor  (MV) 1C6 and 1C7 in the original
circuit  did not time out at the same t ime and if no t ime
er ror  existed between the two signals trom the transducers ,
an output  pulse would exist when the f i r s t  MV recovered
and cause a motor step . These logic elements were rep laced
wi th  f l ip flops (FFs) and one MV is used in time rese t t ing
of both FFs. When coincident signals occur from both trans-
ducers in either tilt or rotate channels no stepp ing pulse
is produced. The second fault resulted from a misunder-
standing of the motor drive circuit purchased from Summit
Eng ineering . Our circuit had been designed to provide
either an UP pulse on one output or a DOWN pulse on another
output. The Summit system required stepp ing pulses on one
line and a direction logic signal on another line . Our
circuit was redesigned and modified to provide these signals.
Figure 75 i s  a block diagram of the new TILT control circuit .
The ROTATE contro l circuit is iden tical except it has no 1C6
or IC7. The transmit pulse hold off si gnal and flip flop re-
set signal which these ICs provide are obtained Irom the  TILT
circuit.
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B.3 DISTANCE OF SEPA RATION (DOS) CIRCUIT

The DOS circuit is essentially the same as described
in the first annua l report. The two log ic MVs have been
chang ed to FFs which are  r e set  by the FF rese t  MV in the
TILT circuit. This assures that no stepping pulses occur
when the time e r ror  is zero  be tween  the I .F. sync pu lse
and DOS MV. The ou tput  logic has been changed t o  provide
stepping pulses and direction logic signals instead of UP
pulses and DOWN pulses. This was exp lained under normalcy
control. Figure 76 is a logic block diagram of the modi-
f l ed  DOS c i r c u i t .

B.3.l DOS Nedification

The DOS control system has operated very satisfactorily
excc-pt for speed . The rate of change of Z is restricted to
a maximum of 0.5 inches per second because the systen~ can
produce only one stepp ing pulse per ultrasonic cycle. The
ultrasonic cycle is restricted to 2 milliseconds because of
computer requirements. The Z drive is present l y .001 Inch
per step. With a specimen surface slope of 450 X and Y
speed cannot  be g r e a t e r  t han  Z speed .

B . 3 . 2  N o r m a l c y  and DOS Chass is

The N o r m a l c y  C o n t r o l  C i r c u i t s  and DOS circuits are
contained in a chassis with a 3~ X 19—in ch panel which is
mounted in the control console above the scanner control
panel . It connec ts  b y a multiconductor cable to the ultra-
sonic special function chassis for signals and power . It
c o n n e c t s  to each normalcy  preamp li  f ier  throug h 75 ohm
subminax cable. Multiconductor cable-s con n e c t  t i l t  r o t o r
dr ive , r o t a t e  m o t o r  d r i v e  and Z mo to r  d r i v e  u n i t s  t o  t h i s
chass i s .  The f ron t  pane l  has a 10 - tu rn  d i a l  to a d ju s t
d i s t ance  of s e p a r a t i o n  (D O S) , a t w o - p o s i t  ion swi t ch  t o  se t
DOS in e i t h e r  AUT O or MANUA L and a t w o— p o s i t i o n  swi tch t o
set NORMA LCY i n  e i t h e r  AUT O or MANUAL.
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A P P E N D I X  C

C O M P U T E R  H A R D W A R E

This sect ion describes the peripheral devices , module
ut i l iza t ion , and the modification require d for proper
system operation .

C.l COMPUTER PERIPHERAL DEVICES

Figure 10 is a block diagram showing the per ipheral
devices used in the system . With the exception of the
BBll-CTN unit all the devices are standard off-the-shelf
Di gi tal Equipment Corporation (DEC) modules.

C.1.l Analog- to-Digital and Digital-to-Analog Subsystems

The ADll is a f lex ibl e, multichanne l analog da ta
acquis i t ion system . This system has 8 analog input channels ,
expandable to 32; programmable input range selector; control;
and a samp le and hold amp lifier to reduce the conversion
ape r tu re  to 100 nanosecond.

The AAll  is a high perfo rmance multichannel digital-to-
analog converter. The AAll-D controls four 12-bit digital-
to-analog converters that have a maximum update rate of 50K
Hz per  channe l .

C.l.2 Digital Input/Output Subsystems

The DD1 1 peripheral m o u n t i n g  pane l is a p r o - W i  red
system unit designed for mounting up to four (4) small
per i phe ra l  c o n t r o l l e r  i n t e r f a c e s , and t h e -  B B I I - H  DEC kit
when f u l l y conf i gured , p rov ides  lot i r  i npu t  c h a n ne l s  and
four  ou tpu t  c h a n n e ls .  They are  p r o - w i  re-d f or  logic and
UN IBUS s i gna l s  and for  power .  Fi gure  77 shows the m o d u l e
u t i l i z a t i o n  of 01)11 .

I UL ~~~~~~~~~~~~~~~~~~~~~~~~~ _  _  _  
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C.l.2.,l General Device Interfaces

The D R I l - C  general  device i n t e r f ace-  is a quad height
module- t ha t  p lugs into e i t h e r  a small peripheral  slot in
the processor or into one of four  slots in a DD11 small
peripheral mounting panel.

This  sy s tem con ta ins  two DR11-C modules. The DR11-C
contains three f u n c t i o n a l  sections - a 16-bit b u f f e r e d
output register , a 16-bit data input circuit , and a 2-channel
flag and interrup t control.

C.1.2.2 DEC Kit 11-H I/O Interface

The BB 11-H DEC k i t  is capable of reading four  16-bit
words from a peripheral device or writing four 16-bit words
or eight 8-bi t byte to peripheral device. Each input word
is supp lied with interrupt capability . The module utili-
zation layouts of the two BB11-H DEC kits for this system
are shown in Figures 78 and 79.

C.l.3 System Clock

The features of the KW11-P programmable’ real-time
clock are : four clock rates , program selectable and crystal-
control led  clock for  accuracy ,  three  modes of opera t ion ,
two ex te rna l inpu ts , and interrup t at the line frequency.

C.1.4 Hi-Speed Reader/Punch Subsystem

The PCll hi gh spe ed read er and punch subsystem is
capable of reading e ight -hole  unoiled p e r f o r a t e d  paper
tape at 300 cha rac t e r s  per  second , and punch ing  tape at SO
charac ters per second . The system consists of a pape- r tape
reader/punch , and control module .

C.1.5 Graphi c Disp lay Terminal

The disp lay device is a T e k t r o n i x  4010 c a t h o d e - r ay
storage tube . The viewing sc r e -en  is 7.  5 1 uches  by 5. 1 I tiches
and has the capa cit y of 35 l i n es by 72 charact ers p er  l i n t - .
For grap hic , the u n i t  has a r os I -I l u t L o n  of 1024 add ressa b le
poin t  in both X and Y axes .  This  unit use -s  a I ) L l l - V  i n t e r -
face un i t  si- t up f o r  a t r an s  h r  r a t e  III 9600 BAUI).

1 18
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C.l.6 Dual Counter Subsystem

This system is used to obtain pulse length and event
counts in a form that can be input to the computer. This
is done by a modified DEC M795 word count and bus address
unit. A dual counter unit consists of four modified M795
uni ts  and two Ml05 address selector uni ts .  Figure 80
shows the module utilization of Bll-CTS unit .

C. 1.7 Signal Conditioning Subsystems

All high speed digital signals are transmitted by
d i f f e r en t ial l ine-drivers and received by d i f f e r e n t i a l
line-recrivers to preserve effective waveshape. Output
b u f f e r s  were  required on the DR 11-C and M1502 bus output
devices due to loading effect of the long cable going to
scanner control console . Figure 81 and 82 show the module
utilization for the BBlls .

C.l,8 Interface Address Assignments

Table 3 is a comp lete list of the hardwired addres s
assignments that were being used at the comp letion of
Phase I.

C.2 INTERFACE DEVELOPMENT

This section describes the line-driver/receive r modi-
fication and the dual counter subsystem that were designed
and fabricated by Genera l Dynamics

C.2.l Line Driver and Receivers

The DEC line receive r (Y90) and line driver (Y9l)
schematics are shown in Figur es 83 and 84.

The line d r ive r/ r ece ive r  setup had to  be modi fied to
prevent degradat ion of h igh-speed  signal . Table 4 lists
the signals and their leading edge- rise time s before and
after modification .
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TABLE 3
PERIPHERA L DEVICE ADDRESS ASSIGNMENT S

DEVICE ADDRESS v .A’~/ (CHA NEL) CO~~-1ENTS

Dual Counter # 1 164000 Depth (FG # 2)
164002 Thickness (FG # 4)

Dual Counter Ifr 2 164004 DOS (FG # 1)
164006 Delta Counter Ift 1

Dual Counter # 3 164010 Delta Counter # 2
164012 Delta Counter # 3

Dual Counter # 4 164014 Delta Counter lfr 4
164016 (FG # 3)

Bus Inpu t (M1501) 164020 Rotate
164022 Z
164024 Tilt
164026 320 Flags and Sync

Bus Output (M1502) 164030 X Speed
164032 Y Spe ed
164034 Attenuator

Bus Inpu t (M1501) 164040 Rotate , Til t , Z Flags

Bus Output (M1502) 164052 Rotate
164054 Tilt-
164056 Z

DR11-C 167760 310 Contro l and S ta tus
167762 X Output
167764 X Inp ’it

DR 11-C 167770 300 C on tr 1 and S t a t u s
167772 Y Output
167774 Y Inpu t.

D/A Conve rter (AA11) 176760 (1) Flaw Gate Width

A/D Conv erter (AD11) 176770 Contro l and Status
176772 A /D Su f f e r

0 Reflection Flaw Amp l
(1) Shear Flaw Amp i .
(2) Top Surface
(3) FG # 3 Amp lit udi-
(4) FG # 4 Amp litude

KW11-D 172540 104 Pr ogra min abl€ - Clock

M782YCD 173110 Bootstra p Loader

DL11-E 175610 3703 Tek tronix 4010

PC11 177550 70 Pa per Tape R/P

Te letyp e 177560 60 Syst em Consol e

* Vect or Ad d ress
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The modification to the line receivers was required
because the leading edge (positive-going) rise time was
too great and this was found to be the result of the design
of the DM 8820A output , which is a wired OR c i rcu i t.  To
obtain the required operating speed , the response capacitors
(100PF) were removed and a 220 Q, 1/4 -watt  pullup res is tor
was added to the output . Figure 85 shows the modified
line-driver/receiver circuit.

C.2.2 Dual Counter Subsystem

The dual counter system is comprised of four modified
DEC M795 modules , two M105 Address  Selector modules , one
M405 10-MHz clock module , and one Ml13 NAND Gate module
installed in a BB11 prewired system unit as shown in
Figure 80 . The dua l counter  BB11 was wired b y General C

Dynamics.

C.2.3 M795 Unit Modification

The DEC standard M795 word count and bus address unit
was modified to operate as two synchronous , 16-bit binary
counters. Figure 86 is a schematic of the M795 incorpo-
rating the following modifications :

1. Register A

a. Circuit board etch cut between IC E3 Pin 6
and IC E9 Pin 6.

b. Circuit board etch cut between ICE11 Pin 9
and ICE9 Pin 5.

c. Circui t  board e tch  cut  between Pins 1 and 2
of IC E3.

d , Jumper added between Pin 5 and Pin 6 of IC E9 ..

e. Jumper added between Pin 2 and Pin 13 of IC E3.

__________ - —
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2. Register B

a. Circuit board etch cut between IC E5 Pin 8
and IC E1O Pin 6.

b. Circui t  board etch cut between IC Eli  Pin 5
and IC ElO Pin 5.

c. Circuit board etch cut between Pin 12 and
Pin 13 of IC E5.

d. Jumper added between Pin 5 and Pin 6 of
IC ElO .

e. Jumper ~dded between Pin 13 and Pin 2 of IC
E5.

These modifications have been incorporated in the
four M795 units now installed in the dual counter interface
unit.

C.2.4 System Interconnection

The interconnections between the line driver/receiver
uni ts, the scanner control unit , and the ultrasonic unit
are shown in the sys tem harness diagram (see Fi gure 8 7 ) .
The interconnections between the line driver/receiver units
and the computer interface units are shown in the extension
box harness diagram , (see Figure 88).
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A P P E N D I X  D

C O M P U T E R  S O F T W A R E

This sec tion describes the software that is used to
control th~ scanner , acquire the ultrasonic data , and
process at4d disp lay the data. A comp lete listing of the
softwar e is available upon request to AFML/LLP .

D.1 DATA ACQUISITION PROGRAMS

The circular scan , ‘A FML B ’ and rectangular scan ,
‘AFML A t , programs are very similar , the only significant
d i f f e r e n c e s  are the coordinate storage formats and scanner
contro l routines.

The program has seven functions or run modes . They
are listed and briefly described below:

o INITIAL = Allocate new disk and then take data

o DATA = Perfo rm a scan and store data

o DISPLAY = The data from a prior run is dis-
p layed on the 4010 scope

o REPORT = The data from a prior run is list d
on the 4010 scope

o LIST = The data runs stored on disk and the
amount ( C I  disk space used are listed

o DELETE = The last data run stored is deleted
f r o m  the  disk

HALT = The linkage to the disk is released
and pr ogram -x is t s t H  monit or

The program var labiC- scan mode is uss’d t o  choose between
one of three ultrasoni c inspec ti on modes rs- flect i o n , shear—
wave , and mul t ip le flaw gat - . These prs ’i~rams each c o n t a i n
seven o v e r l ay s  described below .
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D.l.1 Resident Main

The resident  for “A FML A ’ and ‘A FML B ’ is identical .
It contains the communication area (commons) and cells all
other overlays . It occupies 3K of the available 16K of
memory space.

D.l . 2 Overlay 0

This overlay handles the selection of the run mode
and scan modes. It includes routines for the execution
of the three run modes HALT, DELETE and LIST.

D.l.3 Overlay 1 - Overlay 4 (Initial Data)

These overlays perform the function of the data
acquisition phase. Overlay 1, 2, and 3 are prepara to ry in
nature.

Overlay 1 allows the op era tor to change the inpu t
parameters.

Overlay 2 sets up the various commons , sets scan
limits for shear , sets the attenuator for calibration , and
allows opera tor interac tion for  adjus t ing the f law ga te
wid th.

Overlay 3 draw s the grid , labels the axis and w rites
the identification information.

Overlay 4 performs the actual data acquisition. It
contains the elements for real-time data transfer , scanne r
contro l, near real-time data display , the data screening
routines.

D.l.4 Overlay 5 (DISPLAY)

This overlay enables the operator to disp lay previousl y
recorded data. Features inc lude variable size grid limits ,
selection of data based on its depth , amp litude , and the
condition of the back surface gate. These features are
referred to as ‘filters. ’
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D.l.5 Over ay 6 (REPORT)

This overlay lists the previously recorded data. The
same features are available as in Overlay 5. All the
variables recorded for each flaw detected during the data
taking phase are listed in one line. This listing takes
p lace on the 4010 scope.

D.1.6 Disk Usage

The DOS monitor and all user routines and subroutines
reside on disk uni t ~ (DK~). The data file is 4790 blocks
in length and resides on disk 1 (DK1). Each block has 256
words for a total of 1.2 million 16 bit words . The blocks
are written out sequentially during the data run .

The format for each data run consists of two header
blocks that contain all the pertit~ent information relating
to setup , ul trasonic scan me thod , number of blocks used for
data storage , calibration information. These blocks are
followed by the data blocks . A special bit pattern is
written after each data acquisition run to mark the end of
the used portion of the disk. Table 5 describes the formats
of the data blocks .

A utility program has been written to transfe r a
specific run from one data disk to another.

D.2 ISOMETRIC DISPLAY PROGRAMS AFML C AND A FML D

These programs d i f f e r onl y in the t ype of scan data tha t
is handled. One program is used with rectangular scans and
the other is used with circular scans. These programs are
functionally equivalent to the DISPLAY and REPORT run modes.
The flaw data are p r e s e n t e d  in isometric view and the ampli-
tude profiles ar e p lotted.

D.3 FLAW ORIENTATION AND FOURTER TRANSFORM

This program c o n s i s t s  of a r e s i d e n t  m a i n  and f o u r
over lays . It has two ba s i c  fu n c t  i o n s .  One , search for  the
optimum ang le i n s p e c t i o n  of an in c l i n e d  f l a w ; two , t r a n s f o r m
a RF wave fo rm i n t o  t h e  f r e q u e n cy  dom a i n  and  p 1 t t h e  spec t rum .
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TABLE 5

Data Storage for Each Inspection Routine

MIII 1 ll’LE
W E F J ’ : c I IO N Sh EA R F lAW ’ 0-ATE

1 Scan N C u C h ~-r  Scan NusI lo-  r Scan N u m b e r
2 Ind e x l e si t i  c u  ( R a d i us)  -- Index Posi Lion ( R a d i  usc ) -- Index  P o s i t  ion  (Rad i  v-s)
3 Scat)  I’os i t  ion  (Ang ]e)~ Scao P o s i t i o n  (Ang le )  Scan 1 - s i  Lion (Al~g l e ) C ’C
4 Th ickn e- ss  T h i c kn c s s  G a t e  4 Dep th
5 Flaw Depth  Flaw D e p t h  Gate  2 D e p t h
6 Flaw Amp l i t u d e  Flaw Amp l i tu d e  Gate-  2 Amp l i t u d e
7 T i l t  An g le T i l t  Ang le T i l t  Ang le
8 R o t a t e  Ang lo R o t a t e  Ang le R o L a L e  Ang le
9 Z }H s ~~t i on  Z Pos i t i on  Z l’os it :ion

10 Scan Pos i t ion  Scan P o s i t i o n  Gate-  3 D e p t h
11 T h i c k n e s s  T h i c k ne s s  Gate-  3 Amp li LOde
12 i - law Dep th  Flaw Depth  Gat e 4 Amp li tuc k -
13 Flaw Amp l i tude  ~ F l a w  Amp l it  nd ,  ~ R e v  Wo r d
14 Ti I t  A n g l e -  T i l t  Ang ie  Scan P o s i t i o n
15 R o t a t e  A n n e R o t a t e  \ C i C 1  c Ga te  4 D epth
16 Z P o s i t ion  Z P o s i t i on  Gate  2 D e p t h
17 - . Tilt A n n ] , -
18 . . R o t a t e - A n g le
19 - . Z I c ~~~ i t )  cOC

20 - Ga t e  3 D e p t h
21 - - Gate -  3 Amp l i t u d e
22 - . G a l e  4 Amp l i t u d e
23 - . Key g i r d
24 -
25

2 5~, 1.1  Ii i  I- rd Link  P ooch i i  t t k  I,’ nh

* Ci z e u l  ~ r S n - t , i

(Datc , Record
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D.4 FLOW DIAGRAMS

This section describes and charts the flow diagrams .

D.4.l Residen t Main

The resident main is not an overlay, therefore it and
al l  rout ines  it calls reside in core at all times. The
actual overlays are brought into core by the routine LINK.
The parameter run mode , set in Overlay 0, is used to select
whi ch overlay is called. After each run mode is executed ,
control is returned to the resident and then to Overlay 0.
This program is flow charted in Figure 89.

D.4.2 Overlay ~ 
—

This overlay performs much of the setup and operator
I/O for the program .

The first operation performed is the selection of one
of seven run modes . For run modes of INITIAL or DATA , the
inspection technique (scan mode) is entered . INITIAL run
mode allows a new disk to have the data of file (FDF.0l)
to be allocated or an old data disk to bc initialized.

For run modes ‘LIST ’ and ‘DELETE ’ ih ~ se func tions ar e
perfo rmed within the over l ay . Control is then returned to
the top of the overlay.

For run mode ‘HALT ’ , the file linkage is released and
the program is terminated.

For run modes INITIA L, DATA , DISPLAY or REPORT , the
specific run number must be entered. This allows a search
to be initiated for the start block number. In the case of
INITIAL no checking is perfo rmed and the first block of the
disk file is designated the start block. In the case of
‘DATA ’ the entered run number must not appear before the
end of data mark is found , if it does th1- run number can
be re-entered . If the run number is not re - -c ute-red , the
run mode is set to LIST and the run numbers are listed .
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After the end of data mark is located the header
bl ocks of the pr evi ous run are us ed as the heade r bl ocks
of the new data run . These blocks can be changed in
Over lay  1 if required .

In the case of ‘DISPLAY ’ or ‘REPORT ’ the run number
should be found before the end of data mark . If it is not
found , the run number is either re-entered or the run mode
is changed to LIST, and run numbers are listed.

If the data run has been found , the inputs  which
select the features (filters) for post data analysis ar e
then selected . The flow diagram is shown in Figure

D4.3 Data Acquisition Contro l Module

The data acquisition contro l module (DACM) sets up the
interrup t vector , enables and disables the  interrup t , inter-
faces with the scanner module (SCNITZ, SETSPD , SCNSTR ,
SFDBK , INDEX , SCNNST , IFBDK , ONEHAF), disk I/O modules
(DBSTAT, DBOUT , EOSWM), near reai-time display module
(NRDM), monitor the rwitch register (direct operator c o n t ro l ) .

After each ultrasonic cycle has been comp leted an
interrup t is generated which starts the processing of the
ultrasonic information . Then , DACM routine scans various
flags to determine the next control function. If rio flags
are set , it p laces itself in /he wait mode . The generation
of an interrup t awakens the routine from the wait mode . Th e-
f low diagram for this routine is shown in Figure 90 -

D .4 .4  R e f l e c t i o n  Data Acquisition Interrup t Cont r—- l

This rout ine  p r o c e s s e s  the  i n t e r r u p t gene ra t ed  n t  the
end of each ultrasonic cycle when in the re flection mode .
The first operation is to ascertain the condition of tht -
back surface gate.

After this is done , the  r o u t i n e  checks  t h e  v a r i o u s
flags t o  see- if data should be moved t I 5  the buffers . I L L -

f i r s t f lag checked is i-he indexing  f l a g .  I f  the  scanner
is indexing , no data is taken. If th (- f r I - n t  surtac - ha -k
surface flag (FS/BS) is se t , data is taken. If the se - ;nm-r

is not over the part , (lEDG E-: = 0), data i s O I ’ t  take-n .
Fi nall y ,  if the flaw flag is s - t , data is tok1 -n . The flaw
flag is set by the u l t t -D SI-ni( - s.
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During the data-taking sequenc e, the part thickness
is stored as zero if no back surface e:~ists (NOBS = 1).

After data has been moved to the buffe rs t he  b u f f e r s
are checked for dep letion by calling (DBCM).

The flow diagram is shown in Figure 91

D .4 .5  Flaw Gate Wid th  C o n t ro l  Module

This module checks on the need for speed control ,
distance of separation for edge changes , and the back
surface flag . It also adjusts the back surface gate or
seeks a new back surface. - :

The new back surfa cc- i~ declared under three possible -
circumstances.

1. After the program acquires a new edge or crosses on
to the surface of the part , it takes the value of
the f i r s t  f law dep th  e nc o u n t e r e d  and u Ses  it as the
back surface depth .

2. When the flaw depth is equal to maximum part thick-
ness , this thickness is output as a back surface.

3. When a flaw persists for ~ .25 inche s , the amp litude
does not decrease from the start , the amp litud e
becomes nea r l y s a t u r a t l - d  at the  end , and the  d e p t h
does not vary more than ±.l inch it is declart- d a
hack s u r f a c e.

Figur e 92 i s the  f l ow d iagram for  t h e  Flaw G a t e  W i d t h
C o n t r o l  Module ,

Defini tion f o r  t ht- flow diagram :

DOS Dis tance of  Separation , dis tanc~- between
face of t r a n s d u cer  and p ar t  being s~- .iiin1 -d

FS /BS F r o n t  Su r fac e /Back Sur I RL ’ T ’ Flag

= 1, fl,-igs leaving surface part
= 2 , f l a g s  m o v i n g  onto  s ur f a e - I-  of  part
= 3 , f l ags  I s s  (- I f  back su r 1~-i e - c - a t e
4 , flags cent m u i  rig sc-arch fe ~ r back sur face

1 (-I
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= 5, flags failure of search for  back su r f ace
= 6, flag s successf ul search for  back su r face -
= 7 , f lags  beginning of search for back surface

AMP = Ampl i tude  of f l aw si gna l (4 09E = s a t u r a t i o n )

IHUNT = Flags having obtained new edge or just moved
on to pa r t

FIAW* COUNT = N umber of consecut ive  f laws at equa l d ep th

The purpose of the var iable  TR~ is to p lace a rate
limit on the movement of the hack surface gate.

D.4.6 Multip le Flaw Ga te Module

The multiple flaw gate system operates in flection
mode . At the end of each ultrasonic cycle , the computer
reads a reg ister that contains a counter indicating how
many gates were tripped. Four gates are available. The
first gate is for the front surface. This leaves three
gates for either flaws or back surfaces. The multi p le
flaw gate module (MFGMOD) performs the function of de-
termining whether or not the gates contain flaws or a
back surface and keep track of the hack surface location .

Assuming there is no c u r r e n t  back s u r f a - e - , a f law
whose dep th va ries less than .024 inch and pe rs ists for
more than 0.25 inch is declared a back s u r f a c e - .

The flow diagram (see- Figure 93) charts thc- opt-ration
of the program . The routine CMPTR (COMPARATOR) is used to
check a single depth against the current depth of the hack
surface. It must therefore , he called one - f o r  ever y g a t e
tripped (except for Gate No. 1). Data is taken when more
than  one gate  is t r ipped and the value  in Ga te  2 is  n ot
the c u r r e n t  hack s u r f a c e .

D.4 7 Real Time i)isk Software

A chain of ton 256—word buffers is al locat -d for real -
t ~r nI-  disk I/O . The routine DSBIJF al l l -c -at (-S t h e - s I - b u f f e r s  and
v ar i l -u s  p - i  ( t  er tabl e-s.

* iw i S used in  t c -re h ango ab v

1 6( 1
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The routine DBSTAT sets up the buffers for storage
of dai-a at the beginning of each scan index cycle . After
nine of the ten buffers have been dep leted the routine DCM
flags this to the DACM routine .

The buffer following the buffer being filled is dumped
to disk by the DBOUT and DSWRT routines. At the end of the
scan index cyc le the routine EOSWM f lushes  the data  b u f f e r s
to disk.

The flow diagram for these routines is shown in Figure
94 .

D.4.8 Software DAC

The software DAC (distanc e amplitude compensation) is
an option that can be selected in either real time data
acquisition or in post data analysis. The DAC consists of
a table of minimum flaw amp litude (MFA) as a function of
flaw depth . This table has to be obtained for each metal
to be inspected . The actual flaw indication at any given
depth is cortpared to the MFA at the same depth . If the
MFA is found to be larger of the two , the flaw indication
w ill not be disp layed or stored on the disk as a flaw , de-
pending on which option is selected . Using the software
DAC in the real time data acquisition mode , the data re-
jected is lost comp letely. Therefore , care must be exer-
cised in the makeup of this MFA table and the rejection
criteria . Using the software DAC in the post data analysis
mode , no meaning fu l data is lost (all data stored on the
disk). The table may be modified to account for peculiari-
ties in the metal unde r test and the transducers used for
data acquisition . This use of the DAC is very similar to
a filter. Figures 95 and 96 are the flow diag rams for the
software DAC .

D.5 OVERLAY STRUCTURE

Table 6 lists the major subroutine called by i-un
programs  AFNLA , AFMLB. Tab le  6 i s  followed by the-
r o u t i n e  name and a b r i e f  d e sc r ip t i o n .  The routines

pecu l i a r  to the c i r c u l a r  scan are  l ist -d in p a r e n t h e s e s ( ) .
Over l ay  4 of the- circular scan i s  d i s s  i n i i l a r  c-c ough 1

w a r r a n t  a s e p a r a t  ~
- s e ct i on . The name- s OP 1L113 , TEKLTB , and

~ R M L T B  r ef e r t I ’  I i b r a r  i t - s  t h a t  a re  c on c a t e n a t e - d c o i l l - e t i o n s  

- - --- -~~~~~~~~~ 
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of routines used to perform a specific function , these
routines are described next. Table 7 lists major
routines called by FOURIER p rogram ; it is followed by
a brief description of the routines used in the Fourier
p rogram.

Overlay 0 - Calls the following routines.

FDFLUK - Get START/STOP blocks of data file (ASSEMBLY)
FDFAR - Allocate flaw data file (ASSEMBLY)
GR - Get RUN

GSR - Get START/STOP blocks of specific run
LISTDK - List RUNS on data disk
DLTLR - Delete the last run
FDFRLS - Release disk I/O linkage (ASSEMBLY)
DROPT - Select f i l t e r  options
LTFL - List on 4010 scope the filter limits

TEKLIB

Overlay 1 - Calls the following routines.

OPTION - M o d i fy the header blocks for run modes of
DATA , INITIA L

LTV - Lis t on the scope the input options

Overlay 2 - Calls the following routines.

SETCOM - Set variables from header blocks to various
common blocks in format required (i.e.,
convert integer to binary codes (decimal)

SHRLMT Set the scan limits for shear scan
HICAL - Perform calibration

FGWAJ - Adjus t the flaw gate widLh bias number
SYNC - Wait for end of ultrasonic data cyc le (ASSEMBLY)
ADC - Read a given analog to digital channel (ASSEMBLY)
REG - Wait  for  swi tch  7 on swi tch  reg i s t e r  to be

set (ASSEMBLY)
ATNOUT - Set the computer (ASSEMBLY )
KWIIW - Variable length wait  (ASSEMBLY )
(ASSASS) - A scan/sort and store subroutine t o  set up

breaks for the circular scan
GETTHK - Read value of thickness (ASSEMBLY)
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TABLE 7

FOURIE R CA LL TABLE

FOURIER

SFIF RFD AVT PLOTFR
I I I I

IN RFD AFT PLOTFR
GENPLT SAMPLE XFORM LSTMIN
DATAK PLOTRF
LOOK ‘

PLTPNT
A LGOR
F iN 1

173



Overlay 3 - Calls the following routines.

SGLT - Scale , gr id , label , t i t l e
DSCA LE - Selects the scales for  the g r id  from the

input options , op timizes the gr id  usag e
b y ro ta t ing  X and Y scales

DGRID - Draws the gr id
DLABEL - Labels the two axes
DID - Wri tes the labels below the g rid

TEKLIB

Overlay 4 - Rectangular scan calls the following routines.

DACM - Data acquisition contro l module (ASSEMBLY)
DAINR - Handles reflection mode of inspection (ASSEMBLY)
FGWMOD - Control flaw gate and back surface (ASSEMBLY)

DA IMS - Handles shear-wave mode of inspection (ASSEMBLY)
DA INN - Handles mul t ip le flaw gate interrup t (ASSEMBLY)

MFGMOD - Sor ts  out mult ip le flaw gates (ASSEMBLY)
GTDATA - Moves mul tipl e flaw ga te da ta to b u f f e r

(ASSEMBLY )
SCNCMD - Scanner con t ro l  module , has e n t r y  po in t s  f o r :

(All  are  ASSEMBLY)
SCN ITZ - In i t i a l i ze  scanner
SCNSTR - Star t scanner
SFDBK - Handles  feedback for  scanning axis
INDEX - Indexes scann er
IFDBK - Handles feedback f o r  index axis
SCNDIS - Stops scanner in middle of scan
SCNMS T - R e s t a r t s  scanner in middle of scan

SDCMO D - Speed con t ro l  module , senses the n e c e s si t y
for increasing or decreasing speed of
scanning axis. Also contain entry points
fo r  the fo l lowing : (ALL ASSEMBLY )

SETSPD - Output  i n i t i a l  speed
ONEHAF - This divide- s th e -  scanning s p e e d  in h a l f

DS BUF - Allocates the chain o f  b u f f e r s  f o r  ‘isk I/o ,
also c o n t a i n s  c - n t r v  p e in t s  f o r  the- i o l l o w i n g :
(ALL ASSEMBLY)

DBSTAT - Se ts bu f f ~ r s t a tu s
DbCM — Chee k~ b u f f e r  status
EOSWM — F lus  w- s  hu I It - rs at end e e l  scanne r index c ye Ic
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DBOUT - Initiates buffer outp~it
DSWRT - P e r f o rm s t r a n s f e r  to d i sk

NRDM - Near  rea l  t ime d isp lay module
DC - Conver t  f rom BCD to b i n a r y ,  conver t  t ime

c o u n ter s  to d i s t a n c c s , p er f o rm coord ina te
t r a n s f o rmat ion

Overlay 4 - C i r cu l a r  scan calls the following routines.

CDA CM - Simila r to DACN
RADIUS - Controls scanner indexing
SETTHK - Reset  f law gate  fo r  new p a r t  th ickness

(ASSEMBLY )
SINDEX - Modify index value (ASSEMBLY)
N RNLIB -

CDA IMR - Handles r e f l e c t i o n  i n t e r r u p t (ASSEMBLY )
CFGWMO D Cont ro ls  f law gate (ASSEMB LY )

CDA IMS - Handles shear interrup t (ASSEMBLY)
CDA Th~1S - Handles multip le flaw gate interrup t (ASSEMBLY)

CMFGMOD - Sorts out multip le flaw gates (ASSEMBLY)
CGT DAT - S to r e s  MPG data in b u f f e r

DSBUF - Previously described (ASSEMBLY)
C IRSCN - C o n t r o l s  scanne r (ASSEMBLY )
NRDM - Previous ly descr ibed

CDC - Converts data for circular scan mode-

O v e r l ay  5 - Calls the following routines.

SGLT - Previously de-~cr ibed
DPLOT - Disp lay data  f o r  anal y s i s
BLKIO - Read/write N number of words from/to block M
FDFIN - Initiate reading of a disk block N (ASSEMBLY)

F D R F D - T r a n s fer  block N f rom Disk 1 (ASSEMBLY )
DC - Previously described

CI-IIPI-IE R - Decode the key word  f o r  m u l t i p le f l aw g a t e -
mode (ASSEMBLY )

AS - R e t r i e v e  t h~- F S/BS f l ag  (ASSEMBLY )
REJECT - F i l t e r s  the data to d et e r m i n e -  which shou ld

or sh ould not be p lotted
RJ - Perfo rms same function for multi p le - - flaw ~ . i t e
BSP - Dete rmines if  f low was a back s u r f a c e  (ASSI -~-~B1

TEKLIB
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Overlay 6 - Calls the following routines.

LIST - Lists the data on 4010 scope
TITLE - Write title page
HDRI - Write line one of header
HDR2 - Write line two of header
DC - Previously described

OPTLIB - This library contains the routines used to perform
I/O with the teletype.

RDIN - Read in a fixed point number
RDFPN - Read in a floating point number
RDASC - Read in a string of alphanumerics
YESNO - Read in a YES (ON) or a NO (OFF) keyboard

entry
CHRSCN - Scan through a series of characters and

remove blanks
LJSTFY - Left justifies a string of characters
FX1~ATA - Decode a string of characters to computer

fixed point words
DTB - Convert BCD number to binary (ASSEMBLY)
BTD - Convert binary number to BCD (ASSEMBLY)

TEKLIB - This library contains routines to facilitate writing
and drawing graphs on the Tektronic 4010 Storage
Scope

AXIS - Draw s grid
ABOR - Labels grid
PLTPAK - Performs I/O with the scope , has entry

points to draw line, plot a dot (ASSEMBLY)
PGEJ - Erases screen
HCPE - Copy screen to Tektronic 4610 Hard Copy unit
FLUSH - Flushes the 96 character buffer associated

with the 4010 scope
WAITF - Flushes the 96 character buffer then waits for

a key to be pressed on the 4010 scope
CRTIO - Output a character to scope (ASSEMBLY)
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NRMLIB - Normalcy library contains routines to
maintain normalcy in the peaking mode

NORMAL - Obtain tilt angle for normalcy, in-
crements scanner for index

NRNL - Control search for tilt angle required
for normalcy, obtain DOS number

PEAKER - Control scanner tilt axis and read
front surface amplitude (ASSEMBLY)

SWEEP - Initiate scanner on tilt sweep and
record tilt angle at which maximum front
surface amplitude occurred

GDOS - Read DOS value and convert to distance
(ASSEMBLY)

MTN - Using tilt angle calculates change in
index (Y) axis and Z axis required to
maintain normalcy and correct DOS (ASSEi~iBLY)

TLTCMD - Similar to peaker (ASSEMBLY)

SFIF - Search for an inclined flaw

IN - Read in the input parameters
SRCH - Control scanner search pattern and plotting
GENPLT - Draw axes, label axes
DATAK - Control search and data acquire

LOOK - Sample data and flag a flaw
ALGOR - Algorithm to calculate optimum incidence

angle
FINI - Write on scope coordinates at which optimum

incidence angle occurred + drive scanner to
that position

RFD - Radio frequency digitizer

SAMF LE - Sets D/A and reads A/O for digitizer
PLOTRF - Plot stored RF waveform

AFT - Ai’alytical Fourier t ransform

XFORN - Contains code for perfo rming transfo rm

PLOTFR - Plot frequency spectrum of transform

LSTMIN - Lists the minimum frequency spectrum
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A P P E N D I X  E

S Y S T E M  O P E R A T I O N

When the procedures given in this section are followed ,
ultrasonic inspection can be performed in near real time.
Only care in choosing the proper settings on ultrasonic
equipment and careful calibration adjustments are required
to operate the system in either the reflected compressional
or shear wave mode . A complete description of the software
is presented in Appendix D.

E.l SYSTEM START UP

A typical “start up” procedure is as follows :

Computer

1. Turn main power circuit breaker to ON.
2. Press processor switch to HALT.
3. Turn key to POWER.
4. Put in disk packs if load light is on.

NOTE: System device is DK~ and must contain the
operating system pack. The bottom line
unit is designated DK1 and is used for
DATA storage.

5. Position disk drives to RUN.
6. Place 173110 - in switch register.
7. Depress LOAD ADDRESS.
8. Set processor switch to HALT TO ENABLE.
9. Depress START switch.

Computer teletype response unit: (see footnote)
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DOS~ Øl
DOSVØ8-~ 2

DA 19-MAR-75
TI 07:30:00
LOG ~~~~~~~ ~~ ,

DATE : 19-MAR-75
T IME : 07:30:05

Graphic Display

1. Graphic Terminal

(a) Turn power switch to ON.
(b) After  10 seconds , push PAGE button

(Erases the screen)

2, Hardc opy Unit

(a) Turn power switch to ON.

Ultrasonics

1. Depress power switch (switch should light up) .

Scanner System

1. Turn power switch to ON for the control and display
units for all five axes.

2, Position transducer over calibration block with
3 inch water path.

*Footnote

The communication with the computer is presented in stand-
ard format used by Dig ital Equipment Corporation (DEC).
All computer output is unnderlined while the operator-typed
input is not underlined , The carriage return terminator
at the end of each typed line is represented by the symbol ~~~~~,

179



__ I

E.l.l Run Mode: Initial

After the typical start up sequence has been performed
as described in System Star t Up, the computer corresponds with
a as shown in paragraph E.l, showing tha t the DOS moni tor
is ready to perform the RUN commands. The initiation of the
test starts with the operator typing of RUN AFML and follows
with one of the following responses:

The INITIAL run mode prepares the system to start a
new file for test data and consequently,  it clears files of
all old test data * as well as calibration settings stored
in DR1. Hard copies of the desired records should be made
of any scans before going into the INITIAL input string.

Since the DK1 disk is cleared by the INITIAL program ,
either a zeroed disk or a disk that has been used previously
with the RUN AFML program has to be used. The program
allocates a contiguous block of 4700 out of a total of 4800
blocks on the disk. If the disk has been used previously,
the format is set so that it can be cleaned or zeroed and
made ready to start over with the new data files.

An example of the Compressional Mode Initialization
Communication is shown in Figure 97.

E.l.2 Run Mode : List

The LIST routine prepar es a list on the Tektronix CRT
of all of the test runs that have been made and stored on
DK1. It shows the run number , the par t number , scan type,
scan mode, and percent of disk memory used for each of the
runs.

The listing is used to aid the operator in identifying
the runs for data retrieval and presentation . Example of
the LIST procedure and of the output information is shown
in Figures 98 and 99.

* The operator should be aware of the computer action taken
af ter receip t of a run mode command in order to prevent a
loss of old data.
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RUN MODE = I N I T I A L )

SCAN MODE = REFLECT I ON )

RUN NUMBER z )
IS CALIBRATION TO BE DONE 7 YES )
*t )
PART NAM E : AFM L TB I )
*2)
PART SERIAL NUM 1~ER S/N
*3)
OPERATOR B . G . t 7 . VEE )
*4)
TEST FRE QUEN CY 5 .0 )
*5 )
T rAN SDUECE R S/N : 1 0 0 3 )
*6)
TEST SITE GD/FW/M RL )
*7)
SH EA R ROTATION ANGLE 0 )
*8)
P.E~~EPEN CE STAN DARD TYI’E : 5/64 FBH )
*9)
SPEED CONTROL OFF )
*i o)
SCAN TYPE RECTANGULAR)

TEST M A T E R I A L  ALUM iNU M )
*12)
SCAN DI RECTION :
*13)
M OD~ A)
*14)
SCAN SPEED 6 . 0 0 )

IN DEX SPEED i .o o )
* 16 )
INDEX INCRE M EN T ies )
*17)
X STOP P O S I T I O N  $ 1 2 . 0 )

Y STOP P O SI T I O N  27 .0)
*19)
TILT OF T RANSDUCER S 0)
* 20)
CRITICA L .  ANGLE 5 .9~)
*21 )
M ATERIAL T H I C K N E S S  3 . 5)
* 22)
STEP S I Z E  0.5)

* 23)
T H I C K N E S S  D I F F E R E N C E  1 .6 )
*2 4)
GATE S I Z E  $ 4 . 2)
*0)
CHANGE ANYTHING 7 wo)

Figure 97 Initial Operator Communication
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~RUN APMLA )

RUN MODE LIST)

Figure 98 Typical LIST Communication

RUN PART NAME SCAR TYPE SCAN MODE 
~ USED

I T1~O ~31EP RECTANGUL~p MULTI—GA TE 11 - 4~
2 r--11i FOP.GIH RECTANGUL AR PEFLECTIOP~ 24 . 473 ~ -~ i 11 FOF~Gfl~ RECT~.*IGULAP REFL ECTION 14 .554 AFML *1 ( 290 REC T~ t1GULAR MULTI~ GATE 5.58AFML TB 1 RECTAFIGtJLAR REFLECTION 3 306 

~PML TB I RECTANGULAR PEFLECTIOPI 2.19TOTAL USED 61.50 ~

Figure 99 Typical Listing of Data Runs Stored on Disk

182

L _



E.l.3 Run Mode : DATA

At the completion of the “Typical Start-up ” procedure ,
the system is ready for operation. Either of two modes of
operation are available. One is the initial procedure for
cleaning the disk; the other is the routine method of data
taking. The former is used only in re-zeroing a used disk
pack. The DATA mode adds the new information to the exist-
ing data records on the disk.

Typing DATA in response to the computer question of
run mode starts the data acquisition sequence. The input
values from the last data cycle will be used for identify-
ing the current data run when the operator elects to skip
further inputs. An example of the communication for DATA
mode is shown in Figure 100. The input values are dis-
played on the Tektronix scope for review , see Figure 101.

The input values are displayed again after a change
has been made as shown in Figure 101. If the operator
does not elect to skip the input information, he can se-
lectively edit the information by typing YES in response
to CHANGE ANYTHING. The system responds with an *. The
number of the line to be changed is input and the informa-
tion can be changed. In Figure 102 the operator ’s name
has been changed. This sequence is repeated for each line
to be edited.

If the test run is not terminated properly,  the data
will not be stored on DK1. Furthermore , the input informa-
tion taken during start up will not be kept. When the
program is restarted , the input files that were used for
that run will be those from the last properly terminated
run.

The operator can properly terminate a data run by
allowing the scanner to complete its required scan or
manually actuating switch 15 (raises it up to the one ’s
position) of the computer switch register. Any other
method will result in the loss of the data.
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I ) F~’ART NAME Aflit. TE~ I
~ F ART ~FI~1AL NI..IMBER #1
“ :~~‘(‘RA1 OR j’~K

4 ~ TE~~T Ff~EwUflIC’( 5.0
TRAt4 ~.f L’U( I..R ~EF-:f,~L t-IUIIf3E R 1003
TE ST ‘- .ITE GD- FM. i~ML
SHEi-.R RflTAT ICIF’4 ANGLE 0
REFERENC E STANDAF:0 liFE 5/64 FEll
~.PEE0 r:IDF4TPOL - OFF

10 ‘~ SC.,.-iN T~IF’E RECTANGULAR
ii .‘ TEST M~~TEPIAL. PiPE ALUMINUM
12’- SCHM DIRECT ION Y
13, SCHN MODE A
14 >  SC~ t 1 SPEED 6.00
5. IND EX SPEED 1.00

It~ ) It•4C’E; •: INCREMENT 100
17 X STOP P O S I T I O N  12 0

~~
‘ STOP POSITIO N - 27.0

19~ TILT OF TRANSDUCER : 0
20’ CF1TICAL ANGLE - 5 .e
21) MATEP.IAL THICI NESS : 37
2..-. STEP 5 1E  0.5

THICKNEIS DIFFERENCE 1 .4
24~ GATE SIZE ‘ 4 . 2

Figure 101 Listing of Inpu t Parame ters Disçlayed
for the Operat or

1 ‘ PART P-lAME AFML Tb I
1’ PA RT ~‘ERtA1 t Iri(’IBER

~ PAT OP - ;OHN S . P.IJMSELMAN
S ‘ lEST FREOI IE1-ICV 5.0
~~ TR~-shSC’OCER SERIAL NUMBER 1003
t ” TEST SiTU - GD/F W.- AML
7 . . S~iEAR ROTATION ANGLE 0

j:. REFERENCE STANDARD TYPE 5/64 FEll
SI  SPEED CONTROL - OFF
10 SCAN T’iPE : RECTANGULAR
i i >  TEST M~ TERIAL TYPE 

: ALUMINUM
12 ’ SCAM DIRECT ION - V
13 -, SCAM MODE A
14~ SCA N SPEED 6.00
15> INDEX SPEED 1 .00
16) If-4c’E~< IPICRENENT ioo

:< STOP POSITION • 12.0
15> Y STOP POSITION 27 .0
1~~” TILT OF TRANSDUCER 0
20) CRITICAL ANGLE 50
21) MATERIAL THICl~NESS 3.7
22. STEP SIZE 0.5
23) THICI~NESS DIFFERENCE 1 4
24)  GATE SIZE 4.2

Figure 102 Disp lay of Input Parameters A f t e r  a Change

185

L 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



. .—  

~~
..- -

~~~~~~~~~~~~~~~~~~~~~~~

—

~~~~~~~~~~~

- --- —-- .

E.l.4 Run Mode : DISPLAY

The DISPLAY routine prepares a graph on the cathode-
ray tube of selected test data. Data from any portion
of the test specimen under inspection can be selected for
disp lay. The minimum area from the test specimen that can
be selected is one square inch. Unless different input
limits are input into the computer , the disp lay is for da ta
obtained for the entire test specimen.

A routine has been developed with the disp lay mode to
aid in data analysis. The operator is asked if he wants to
input a report limit. The question is to be answered YES
or NO. If the answer is NO, the display routine presents
all flaw levels and disp lay option values in the original

• record. If the answer is YES, the input limits will be
disp layed on the Tektronix CRT as shown in Figure 103.

The input limits are the X and Y values of a selected
area of the test specimen for presentation on the Tektronix
Disp lay, see Figure 104. An area of the test specimen can
be magnified a 1 x 1 inch area for display to a 4 x 4 inch
area on the display unit. An example of disp lay communica-
tion is shown in Figure 105.

E.1.5 Run Mode : REPORT

The selection of REPORT allows the operator to list all
of the initialization data and test data in a report form.
A tabular listing of all ultrasonic signals above the se-
lected threshold level from the selected area of the test
specimen will be disp layed and/or copied.

In the comp ressional mode , the operator can select the
area of interest and the threshold value for report limits.
A threshold value of between 0 and 100% of the calibration
value can be selected to reduce the amount of output data
or aid in data analysis. For the results reported in this
work , 20°!. of calibration value or screen height is selected
as the threshold value . An example of the communication is
shown in Figure 106.
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FILTER REMOUES FROM PLOT OF RUN S

UOLUME FILTER

I >< OUTSIDE - 0.00-12 00
2’ y Ou1~ IDE 0.00—2 7 . 00
3’ DEPTH GREATER THAN • 3 .70

AMPLITUDE FILTER

4 )  AMPLITUDES GREATER ; . 4096
5> AMPLITUDES EOUAL TO • 0
6)  AMFLITUOES LESS THAN • 0

DEPTH FILTER

7) DEP 1 HS BETWEEN 0.00—0.00
8) DEPTHS BETWEEN 0,00—0 . 00

10’ BACK SURFACE SWITCH : OFF

** SWITCH BELOW FORCES PLOTTiNG OF POINTS WITH A BACK SURFACE WITHIN
THE t ’OLL’PlE BEING PLOTTED

11) POINTS WITH O S. • OFF

Figure 103 Example of Standard Filters Display

FIL lER REMOUES FROM PLOT OF RUN S

VOLUME FILTER

i ~-: O’JI$IDE 7.00— 8.00
2 V OUTS IDE 3.00— 5.00
3> DEPTH GREATER THAN 370

AMPLITUDE FILTER

4) AMPLITUDES GREATER 4096
5) ANPLITUOES EQUAL TO 0
6) AMPLITUDES LESS THAN :

DEPTH FILTER

7) DEPTHS BETWEEN - 0.00—0.00
Es DEPTHS BETWEEN - 0.00-0 00
10) BACK SURFACE SWITCH OFF

** SWITCH BELOW FORCES PLOTTING OF POINTS WITH A BACK SURFACE WITHIN
THE VOLUME BEING PLOTTED

11) POINTS WITH B S. OFF

Figure 104 Examp le of Changed Volume Fi l ter
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RUN MODE = REPORT )

RUN NUMBER : 5)

CLEAR SWITCHES • REPORT LIMITS ? YES)

FILTER NUMBER 1)

1) 7 . )

8.)

NEXT 2 )

2 ) : 3 . O )

5.)

NEXT : 0)

LIMITS OK ? YES)

Figure 106 Typical REPORT Mode Communication
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E. 1.6 Run Mode : DELETE

The DELETE routine is used to remove the data from the
last run from DK1. It will remove only the da ta f r om the
last run on the disk. The DELETE routine can be used re-
peatedly to remove the test data and input informatiDn from
the disk.

E.l.7 General Information on Input Commands

The part serial number and run number are used to
catalog the test data. These values must be unique (dis-
tinctive and separate) for each scan. These values are
used for filing the data on DK1 for retrieval later. The
run numbers start at 1 and continue numerically up to a
6-digit number. However, 6 letters or any combination of
unique alphanumeric characters can be used. The par t
serial number can be any designation up to 14 alphanumeric
characters.

E.2 SYSTEM CALIBRATION

The system is calibrated for compressicna l wave opera-
tion by perfo rming the following steps :

1. A reference standard which contains a flat bottom hole
of the desired size , is fabrica ted with the same type
of material as the test specimen , and is of comparabl e
thickness to the test specimen as selected arid p laced
in the tank.

2. The transducer is placed manually, by console con-
trolled , or by computer control directly ove r the fla t
bottom hole. The desired distance of separation be-
tween the transducer and the surface of the test speci-
men Is selected and input to the computer. The computer
commands the Z axis motor drive to achieve this desired
distance of separation.

3. The width of the flaw gate on the ultrasonic instrument
is manually adjusted to accommodate the thickness of the
reference standard.
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4. The switches on the programmable attenuator of the
ultrasonic instrument are placed in the computer po-
sition. Switch 7 on the computer console Is acti-
vated. The computer will now automatically step the
programmable attenuator until the ultrasonic signal
from the flat bottom hole reaches a value equal to
80% of screen height .

5. The transducer is now placed over a flat or relatively
flat portion of the test specimen . The computer auto-
matically adjusts the width of the flaw gate to accom-
modate the thickness of the test specimen by using the
arrival time of the signal from the back surface and
the appropriate velocity of sound. The value of the
velocity of sound has to be input to the computer.

The computer system is now initialized , calibrated ,
and ready for data acquisition in the reflected compres-
sional wave mode. Figure 107 is an example of the calibra-
tion communication .

Calibration of the sy3tem for shear wave mode of
operation follows similar steps. They are:

1. A reference standard which contains a clox slot of the
desired size, is fabricated out of the same type of
material as the test specimen , and is of comparable
thickness to the test specimen as selected and placed
in the tank.

2. The transducer is placed manually,  by console control,
oi by computer control at the proper angle and distance
from the elox slot. The type of material is input to
the computer. The computer commands the tilt and Z
axes motor drives to achieve the desired distance of
separation and tilt angle for the proper shear wave
angle in the material .

3. The width of the flaw gate and the position of the front
surface gate (delayed mode) are manually adjusted to
accommodate the thickness of the reference standard.
The flaw depth switch , in the gate and logic module , is
switched from compressional to shear position.
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RUN MODE - DATA )

SCAN MODE REFLECTION )

RUN NUMBER 7)

COMMONS WRONG ? NO)

IS CALIBRATION TO BE DONE ? YES )

CHANGE ANYTHING ? NO~

REFLECTION CALIBRATION

- - 
***POSITIQN TRANSDUCER OVER REFERENCE FLAW*~~
***SET ATTENUATO R TO COMPUTER MODE~~~
~~~ TOGGLE SWITCH 7 WHEN TRANSDUCER IN POS ITION***

ATTENUATOR SETTING = 27 DB.
8O7. LEVEL = 3398

IS HIGH CAL ACCEPTABLE ? YES )

PLACE SCANNER OVER INITIAL POSITION. HIT SWITCH 7 TO GO

SEPARATION 952 FGW = 12.9

IS THIS OK
YES )

MAX DOS : 1501 DELTA DOS FOR NEW SURFACE : 170
THICKNESS = 3.696 IS THIS OK ? YES )

OK ?YES)

CLEAR SWITCHES
HIT SPACE ON 4010 to CO
RUN MODE HALT )

Figure 107 Example of DATA Run and Calibration Communication

192



4. The switches on the programmable attenuator are placed
in the computer position . Switch 7 on the computer
console is activated. The computer will automatically
step the programmable attenuator until the shear wave
signal from the elox slot reaches a value equal to 80%
of screen height.

The computer system is ncw initialized , calibrated and
ready for data acquisition in the shear-wave mode.
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